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The clinical significance of spirometry in disease was recognized 
more than sixty years ago, but in the last decade little attention has 
been devoted to its practical application. Recently, however, a number 
of studies on the respiration have again indicated that the character and 
possible extent of the pulmonary ventilation are intimately related to the 
vital capacity of the lungs, and that determination of the vital capacity 
gives important information as to the functional efficiency of the lungs. 
Clinical observations have shown that the vital capacity of the lungs 
is of especial interest in pulmonary tuberculosis * and in heart disease,’ 
and that in both these conditions it serves as an index of the clinical 
condition of the patient. As the disease becomes more severe, the vital 
capacity falls, and as the disease improves, the vital capacity increases 
and approaches the normal. 

In pulmonary tuberculosis and in the other inflammatory or infiltra- 
tive lesions of the lung substance, as well as in conditions which, like 
pleural effusion, interfere with the movements of the lungs, it is quite 
easy to understand why the vital capacity is reduced. In heart disease 
the circumstances are often less simple. The tendency to dyspnea on 
exertion increases progressively as the vital capacity falls, and there 
is abundant evidence to indicate that the interference with pulmonary 
ventilation is an important factor in producing dyspnea, but, partic- 
ularly in the early stages of heart disease, an increased tendency to 
dyspnea associated with a decrease in vital capacity may be present 
without any physical signs of involvement of the lungs or pleural 


*From the Medical Clinic of the Peter Bent Brigham Hospital. 

1. Dryer, G., and Burrell, L. S. T.: Lancet 1, 1212, 1920. 
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(Nov. 6) 1920. 

2. Peabody, F. W., and Wentworth, J. A.: Arch. Int. Med. 20:443 ( Sept.) 
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cavities. A similar condition may also prevail in late stages, for in 
many cases the extent of the physical signs is not at all in proportion 
to the great fall in the vital capacity of the lungs. Thus a cardiac 
patient with moderate pleural effusion and atelectasis may have much 
lower vital capacity than a patient with a tuberculous pleural effusion 
of the same extent. It has been suggested that the limitation of the 
movements of the lungs in heart disease, of which the low vital capacity 
is an indication, may be due to changes in the pulmonary circulation, 
but proof of this is as yet lacking, and the question naturally arises 
as to whether the low vital capacity may not be due to general muscular 
weakness. Does the low vital capacity in heart disease depend on the 
fact that cardiac patients are feeble and easily fatigued? If the 
dimintftion in the vital capacity is due to general weakness, then its 
value as a clinical test is distinctly limited, for it merely gives an indica- 
tion of how feeble or exhausted the patient is. If, on the other hand, 
the fall in vital capacity depends largely on local changes and on the 
severity or extent of the specific disease, then the test has a much 
greater clinical significance, for it provides one more method by which 
the development and retrogression of the disease may be followed. The 
question has an important practical bearing, and it has, therefore, 
seemed worth whi'e to attempt to determine how great a factor general 
muscular weakness may be in causing a reduction of the vital capacity 
of the lungs. This problem has been approached by us in two ways. 
In the first place, the vital capacity of the lungs has been determined 
in a group of patients in whom weakness and a tendency to fatigue 
was very great, but in whom there was no evidence of disease of the 
heart or lungs. In the second place, patients with heart disease and a 
low vital capacity have been studied and an attempt made to fatigue the 
muscles of respiration. 
1. THE EFFECT OF GENERAL WEAKNESS ON THE VITAL 
CAPACITY OF THE LUNGS 

It has proved to be much more difficult than was anticipated to find 
suitable cases in which to determine the effect of general weakness on 
the vital capacity of the lungs. This is chiefly due to the fact that all 
patients with pathologic conditions of the heart or lungs had to be 
excluded as these lesions in themselves cause a marked decrease in the 
vital capacity. The patients selected were almost all suffering from 
pernicious anemia, and they are particularly well adapted to the 
purpose because the outstanding symptoms of the disease are general 
weakness and a tendency to dyspnea on exertion, while the involvement 
of lungs and circulation is usually slight. One case of typhoid fever 
is included, the first observation being made on the second afebrile 
day after a severe course of thirty-five days of fever, at a time when 
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the patient was extremely weak, and the second observation five weeks 
later when she had been getting up in a chair for nine days. It was, of 
course, necessary to choose patients who were willing to cooperate 
satisfactorily, and with one or two exceptions they are all below 50 
years of age. This selection by age was imperative for it is well 
known that there is normally a decrease in the vital capacity of the 
lungs after the age of 50. The normal standards on which the percentage 
of vital capacity is based are those of West,* according to which the vital 
capacity is equal to 2.5 liters per square meter surface area in young 
men, and 2.0 liters per square meter surface in young women. The 
surface area was determined by the chart of DuBois and DuBois * and 
depends on height and weight. The observations are shown in Table 1. 


2. ATTEMPT TO FATIGUE THE MUSCLES OF RESPIRATION 

If the low vital capacity of the lungs in heart disease is due wholly, 

or in large part, to general weakness or to weakness of the muscles of 
respiration, it would be natural to expect a fatigue effect to show itself 
if strain is put on the respiratory muscles. In these observations, the 
attempt was made to produce such a fatigue effect by taking the vital 
capacity every 15 seconds for 10 minutes. The method is similar to 
that employed by Levine and Wilson® in studying patients with 
“irritable heart.” The exertion involved in the test is considerable, 
and it would not have been surprising to find a gradual decrease in the 
volume of the maximum expiration as the experiment progressed. This 
is what was to be expected if weakness and fatigue play an important 
part in the production of the low vital capacity. As will be seen, no 
such tendency for the volume of expiration to decrease was observed. 
Five patients were studied. Four had serious cardiac lesions and vital 
capacities between 32 and 55 per cent. of the normal standards. One 
patient had pernicious anemia and he was so weak that he could hardly 
stand on his feet long enough to have his height measured. His vital 
capacity was 79 per cent of normal. The highest of the first three 
observations is taken as the vital capacity in each case. The following 


protocols show the results of these tests of vital capacity. 


PROTOCOLS OF OBSERVATIONS 


Case 1—W. J. R, male aged 38 years; height, 165 cm.; weight, 68.4 kg.; 
surface area, 1.76 sq. m. 

Diagnosis—Aortic stenosis and insufficiency ; mitral stenosis. 

Physical Examination.—Patient is sitting propped up in bed and looks 
dyspneic. Lungs are negative, except for impairment of percussion note at the 
right base posteriorly below the angle of the scapula, with slight suppression 


3. West, H. F.: Arch. Int. Med. 25:306 (March) 1920. 
4. DuBois, D. and DuBois, E. F.: Arch. Int. Med. 15:868 (June) 1915. 
5. Levine, S. A., and Wilson, F. H.: Heart 7:53, 1919. 
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of breath sounds and diminished vocal fremitus over this area. A _ few 
scattered rales are present at both bases behind. There is edema of the lower 
extremities. 
Vital Capacity: 1,400 c.c., or 32 per cent. of normal. 
Vital capacity test every 15 seconds: 
1700, 1400, 1200, 1300, 1350, 1350, 1450, 1400, 1400, 1400, 
1400, 1400, 1400, 1350, 1400, 1400, 1475, 1475, 1500, 1450, 
1475, 1450, 1400, 1450, 1400, 1500, 1475, 1500, 1450, 1575, 
1550, 1500, 1500, 1500, 1500, 1550, 1550, 1550, 1550, 1500. 


Case 2—A. J. C, male, aged 50 years; height, 175 cm.; weight, 73 kg.; 
surface area, 1.88 sq. m. 

Diagnosis—Chronic myocarditis. Patient is comfortable while lying in bed 
but gets short of breath walking on level or upstairs. 

Physical Examination—Heart is much enlarged and there is a_ systolic 
murmur at the apex. There are a few rales at the bases of both lungs, and 
slight dulness with diminshed intensity of breath sounds at extreme base on right. 

Vital Capacity: 2,400 c.c., or 51 per cent of normal. (Six months ago, while 
he was still able to work, his vital capacity was 3,600 c.c.) 

Vital capacity tests every 15 seconds: 


2350, 2400, 2300, 2100, 2300, 2600, 2700, 2650, 2700, 2600, 
2650, 2550, 2400, 2450, 2400, 2450, 2550, 2400, 2375, 2650, 
2700, 2700, 2100, 2500, 2450, 2650, 2300, 2600, 2500, 2600, 
2500, 2350, 2400, 2600, 2450, 2600, 2400, 2600, 2600, 2450. 


Case 3.—A. G., female, aged 54 years; height, 152 cm.; weight, 80.4 kg.; 
surface area, 1.77 sq. m. 

Diagnosis——Chronic myocarditis. The patient entered the hospital with 
cardiac decompensation and auricular fibrillation. She is now much improved 
and the heart is regular. She has just begun to get out of bed. 

Physical Examination—Heart is much enlarged, and there is a systolic 
murmur at the apex. Examination of the lungs is absolutely negative. 

Vital Capacity: 1,500 c.c., or 42 per cent. of normal. 

Vital capacity tests every 15 seconds: 


1200, 1500, 1350, 1450, 1250, 1500, 1350, 1300, 1600, 1400, 
1500, 1600, 1300, 1550, 1600, 1300, 1475, 1600, 1700, 1650, 
1750, 1600, 1400, 1475, 1600, 1650, 1550, 1800, 1300, 1800, 
1700, 1800, 1700, 1600, 1600, 1300, 1750, 1600, 1650, 1900. 


The subject tried very hard and always made a prolonged expiration. This 
made the intervals between tests very short. Twice she was bothered by cough 
and the intervals after the fifth and thirty-second tests were 30 seconds. . 


Case 4.—L. D., female, aged 58 years; height, 159 cm.; weight, 72 kg.; 
surface area, 1.73 sq. m. 
Diagnosis—Chronic myocarditis. Patient entered the hospital badly decom- 
pensated and has improved under digitalis. She is still in bed constantly. 
Physical Examination—Heart is much enlarged, with a systolic murmur 
at the apex. Lungs are entirely negative, except for scattered rales at both bases 
posteriorly. 
Vital Capacity: 1,900 c.c., or 55 per cent. of normal. 
Vital capacity tests every 15 seconds. 
1900, 1900, 1800, 1850, 1700, 1700, 1800, 1900, 1450, 1850, 
1900, 1800, 1900, 1900, 1900, 2000, 1850, 1900, 1950, 1850, 
1850, 1880, 1800, 1800, 1900, 1889, 1820, 1840, 1800, 1900, 
1900, 1800, 1900, 1850, 1820, 1800, 1600, 1800, 1700, 2050. 


Expiration was always much prolonged and on two occasions the intervals 
amounted to 30 seconds. 
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Case 5.—J. S. D., male, aged 40 years; height, 168 cm.; weight, 6%4 kg.; 
surface area, 1.7 sq. m. 

Diagnosis —Pernicious anemia. Patient has been sick a long time and was 
so weak that he could hardly stand to be measured. Hemoglobin, 35 per cent.; 
erythrocytes, 1,073,000; leukocytes, 2,300. 

Physical Examination.—Heart and lungs are negative. 

Vital Capacity: 3,300 c.c., or 78 per cent. of normal. 

Vital capacity tests every 15 seconds: 

3150, 3300, 3300, 3200, 3200, 3250, 3200, 3200, 3100, 3200, 
3100, 3150, 3200, 71100, 3000, 3200, 3300, 3200, 3300, 3400, 
3300, 3400, 3450, 2800, 3400, 3450, 3300, 3300, 3400, 3400, 
3450, 3400, 3400, 3300, 3350, 3400, 3300, 3400, 3400, 3400. 


An attempt was made to obtain some quantitative conception of the 
actual strength of patients by means of testing the strength of the grip 
of the hands and to correlate this with the vital capacity. The method 
is, of course, very unsatisfactory but the relative results as given in 
Table 2 are of interest. They indicate that there is no relation between 
muscular strength as tested by this method and the vital capacity of 
the lungs. 


TABLE 2.—MeEAsuREMENTS oF STRENGTH OF PATIENTS 





Grip Vital 
- Capacity, Capacity, Diagnosis 
C.e. Per Cent. 
of Normal 
| Cardiac 
32 Oardiae 
eo Oardiac 
55 Cardiac 
79 Pernicious anemia 
8 Pernicious anemia 
86 Typhoid fever 


~ Right 


91 
80 
fe U 
25 
@ 
66 

0 


33! 


22 
S35 





| 
| 
400, 0,+0+00,0, | g 


$9 90 Go mt mm 80 | 
s=8 


* In this column, do indicates male, and Q female. 

+ It is, perhaps, noteworthy that J. 8. D., the strength of whose grip was fairly good, was 
so weak that he could hardly stand. 

t The patient had such extreme weakness that she was unable to register even the slightest 
change on the machine used to test the grip. 


DISCUSSION 

Observations on the vital capacity of the lungs in patients with 
extreme general weakness but without definite disease of the heart or 
lungs and without other local cause which would affect the pulmonary 
ventilation showed surprisingly little variation from the normal. In 
the series of cases reported, the vital capacity was in no instance less 
than 74 per cent. of the normal standards based on body surface area. 
In connection with this, it must be remembered that most normal persons 
have a vital capacity of at least 90 per cent. of the normal standards, 
but that in a small number (about 5 per cent.) of healthy young adults 
the vital capacity has been found to be between 85 and 90 per cent. 
of the normal. On this basis then, one may say that extreme general 
weakness may account for a decrease in the vital capacity of the lungs 
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of, roughly, from 20 to 30 per cent. below the normal standards. The 
number of patients examined is small, however, and exceptional cases 
may show a somewhat greater decrease in vital capacity due to weakness. 
As patients with severe heart disease may have a vital capacity that is 
75 per ceut. below the normal? it is obvious that general weakness is 
not a significant factor in accounting for this decrease. Further 
evidence against the suggestion that fatigue and general weakness 
play an important role in reducing the vital capacity of the lungs in 
heart disease is the fact that in patients with a low vital capacity the 
taking of many observations of the vital capacity at short intervals does 
not result in a falling off of the volume of the respiration as might 
occur in fatigue. 

Another possible factor which might be considered as explaining the 
inability to breathe deeply in heart disease would be an abnormality of 
the Hering-Breuer reflex so that the stimulus to expiration or inspira- 
tion came permaturely and before the other respiratory phase was 
complete. Against this hypothesis is the fact that even with severe 
cardiac disease it is usually possible for patients to hold the breath 
a considerable time at the end of either full inspiration or expiration. 
The impulse to take up the other phase of respiration is not extremely 
pressing. Indeed, the deep expiration is often ‘very prolonged. Most 
patients with heart disease are willing to cooperate completely in the 
attempt to determine the vital capacity of the lungs. The result, there- 
fore, as anyone who has had experience will admit, represents the “real” 
vital capacity and the low value is not due to the fact that the patient 
is “not trying hard.” It is usually simple to pick out the patient who 
will not cooperate and give what is actually his maximum expiration, 
and in such case the results must, of course, be discarded as worthless. 
The evidence here presented supports the conception that the decrease in 
the vital capacity of the lungs in heart disease 1s due to a local cause, 
and is not the result of general weakness. This is of importance for 
the cause of the decrease, while not as yet wholly clear, is probably 
intimately associated with the cardiac condition. If the low vital 
capacity depends on the condition of the heart and circulation and not 
merely on general weakness, then the determination of the vital capacity 
has a greater specific significance than would otherwise be the case. 

A discussion of the effect of general physical condition on the vital 
capacity of the lungs would be incomplete without reference to the 
recent observations made on the vital capacity in cases of “irritable 
heart” or “effort syndrome.” It is characteristic for patients classed in 
these categories to have physical weakness with a marked tendency to 
fatigue and breathlessness on exertion combined with a strongly 
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neurasthenic temperament. The most complete study on the vital 
capacity in this condition is that of Levine and Wilson ° who examined 
131 British soldiers, grouping them according to the class in which 
they were discharged from the hospital. When compared with the 
normal standards of Peabody and Wentworth? the average vital 
capacity for each class was as follows: Class 1: 97 per cent.; Class 2: 
92 per cent.; Class 3: 90 per cent.; “permanently unfit”: 87 per cent. 
The only class, therefore, in which the vital capacity fell below the 
generally accepted normal standards was the last, and, considering 
the poor general condition of men discharged from the army as 
“permanently unfit,” it is surprising that the vital capacity was not 
lower. This evidence supports the view that general physical condition 
is not a factor which causes large variations from the normal in the 
vital capacity. The work of Adams and Sturgis, who studied the 
vital capacity in 100 American soldiers with “irritable heart,” shows 
similar results, for only seven men had a vital capacity of less than 85 
per cent. of the normal. Tests of muscular strength showed no 
relation between the muscular development and the vital capacity. 
Observations of great interest were also made by White’ on patients 
with “effort syndrome” and on neurotic patients with “shell shock.” 
The average vital capacity of his normals was 4,720 c.c. ; of five patients 
with “effort syndrome,” 3,250 c.c.; and of five patients with “shell 
shock,” 2,240 c.c. The same relative inefficiency of the “effort syndrome” 
and neurotic groups was found in applying other respiratory tests such 
as holding the breath, measuring the expiratory force by means of a 
manometer, and the “blow-bottle” test. White concludes that the 
vital capacity proved to be rather a test “of nervous stability than of 
the condition of the cardiovascular or respiratory systems per se, 
in the groups under discussion.” There can be no question as to 
the correctness of this conclusion, and of the certainty that these groups 
of men would fail in any test which involved concentration, persistence, 
or vigorous action. The asthenic state is characteristic of the soldier 
with “shell shock” or “effort syndrome” but the underlying factor is 
weakness of will and not weakness of muscle. The same thing is, 
of course, true of the neurasthenic gf civil life. Where the will is weak 
the vital capacity of the lungs may apparently be low, but the obser- 
vation will have no value as indicating disease of the heart or lungs 
because it does not represent a true value. Such patients will not exert 
themselves enough to give what is actually their maximum respiration. 
Levine and Wilson’s experience in testing the effect of fatigue on the 


6. Adams, F. D., and Sturgis, C. C.: Am. J. M. Sc. 158:816, 1919. 
7. White, P. D.: Am. J. M. Sc. 159:866, 1920. 
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vital capacity in patients with “irritable heart” is interesting in this 
connection. They found that immediately after exercise the vital 
capacity in normal subjects was essentially the same as before exercise, 
while in soldiers with “effort syndrome” there was a decrease, which 
in the most severe cases amounted to 18 per cent. Likewise, in the 
patients with severe “effort syndrome” if vital capacity determinations 
were made in rapid succession so that 30 readings were made in 10 
minutes there was a progressive fall in the volume of the expirations 
which in some instances amounted to 25 to 50 per cent. This is in 
direct contrast to our patient with pernicious anemia (No. 5) who 
was so weak that he could hardly stand but who was able to keep up the 
volume of his vital capacity when forty observations were made in 10 
minutes. The striking feature was that in spite of great general mus- 
cular weakness the respiratory muscles seemed to maintain a fairly 
good Strength. The will of this patient was strong, his cooperation 
was good and he was willing to exert himself to his utmost so that the 
situation was quite different from that with patients with “effort 
syndrome.” Muscular weakness, therefore, has comparatively little 
effect on the vital capacity of the lungs, but weakness of the will or 
failure to cooperate and give the maximum expiration are factors which 
render observations on the vital capacity worthless and misleading. 
Fortunately, these difficulties are not encountered very frequently in 
patients with organic disease, and are usually easily recognized when 
present. 

In contrast to the effects of muscular weakness on the vital capacity 
it is of interest to recall some facts with regard to the effect of physical 
training. Among eighty-five normal young men whom West ® studied 
in his attempt to establish normal standards for vital capacity there 
were twenty-five who gave a history of an unusual amount of athletics 
and physical exercise. Only two of these had a vital capacity below 
the average normal standard; in ten the vital capacity was not more 
than 10 per cent. above normal; in eight it was between 10 and 20 per 
cent. above normal; and in five it was between 20 and 30 per cent. 
above normal. The general range of increase of vital capacity above 
the normal standards associated with the best physical training is thus 
approximately the same,in amount as the decrease below the standards 
due to extreme physical weakness. 


CONCLUSIONS 
1, The vital capacity of the lungs in patients with great physical 
weakness, but without disease of the heart or lungs, was found to be 
not more than 26 per cent. below the normal standards. In heart 
disease, the vital capacity may be as much as 75 per cent. below the 
normal standards. 
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2. Repeated tests of the vital capacity were made every 15 seconds 


for 10 minutes in patients with severe heart disease. The exertion 
involved was considerable, but no evidence of fatigue of the muscles 


of respiration was observed. The volume of the maximum expiration 


was as great at the end of the series of tests as at the beginning. 

3. These observations indicate that general muscular weakness and 
fatigue of the muscles of respiration are not important factors in 
causing the reduction of the vital capacity of the lungs in heart disease. 














STUDIES ON ERYTHROCYTES, WITH SPECIAL 
REFERENCE TO RETICULUM, POLYCHROMATO- 
PHILIA AND MITOCHONDRIA* 


J. ALBERT KEY, M.D. 


BOSTON 


INTRODUCTION 

It has been suggested (Shipley, Sappington?) that the study of 
the mitochondria in the erythrocytes in the circulating blood would be 
of value clinically in estimating the state of activity of the bone marrow. 

The term mitochondria was introduced by Benda®* in 1899 to 
designate certain threadlike granules which he had noted in his studies 
on spermatogenesis. Many authors had previously described similar 
protoplasmic granules under various terms. The protoplasmic fila of 
Flemming * included some poorly fixed mitochondria, and a large per- 
centage of the bioblasts of Altmann * were mitochondria. Cowdry ° has 
carefully reviewed a very extensive literature on the subject and 
critically examined the descriptions of protoplasmic granules as given 
by a great many investigators under a very varied terminology. He 
finds that granules having definite characteristics and hence capable of 
being separated from other cytoplasmic constituents have been observed 
and described in the protoplasm of almost every type of animal and 
plant cell. He suggests that in order to avoid confusion in the literature, 
the term mitochondria be used to designate these granules. 

Altmann regarded his bioblasts as being the ultimate divisions of 
life. Different investigators have credited mitochondria with per- 
forming a great variety of functions, such as transmission of hereditary 
characteristics, formation, directly or indirectly, of collagenic fibrils, 


*This is study No. 9 of a series of studies of the physiology and pathology 
of the blood from the Harvard Medical School and allied hospitals. This study 
was made under a grant from the Proctor Fund of Harvard University for 
the Study of Chronic Diseases. 

*From the laboratory of the Department of Medicine of the Harvard 
Medical School. 

1. Shipley, P. G.: The Mitochondrial Substance in the Erythrocytes of the 
Embryo Pig, Fol. Haematol. 20:61, 1915. 

2. Sappington, C. O.: The Occurrence of Mitochondria in the Red Blood 
Corpuscles During Experimental Anemia, Arch. Int. Med. 21:695 (May) 1918. 

3. Benda, C.: Weitere Mitteilungen iiber die Mitochondria, Verhandl. d. 
Physiol. Gesellsch, 376, 1899. 

4. Flemming, W.: Zellsubstanz, Kern and Zellteilung, Leipzig, 1882 (quoted 
from Cowdry). 

5. Altmann, R.: Die Elementarorganismen und ihre Beziehungen zu den 
Zellen. Leipzig, 1890. 

6. Cowdry, E. V.: The Mitochondrial Constituents of Protoplasm. Contri- 
butions to Embryology No. 25. Publication Carnegie Inst. No. 271, 1918, p. 41. 
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plant plastids, myofibrils, epidermis fibrils, neurofibrils, pigments, 
zymogen granules of pancreas, and secretion of other glandular cells, 
etc. Other investigators believe that they have some function related to 
the general metabolism of the cell or connected with the respiration of 
the cell. In spite of the large amount of careful work on the subject, 
the function of the mitochondria is unknown. The literature is fully 


reviewed by Cowdry.® 
The granules which can be classed as mitochondria have certain 


characteristics which can be enumerated, briefly, as follows: (1) They 
are cytoplasmic structures. No constant relation to the nucleus has 
ever been demonstrated. (2) They have a higher degree of refraction 
than the surrounding cytoplasm and unless obscured by granules or 
other cytoplasmic inclusions can be seen unstained in the living cell. 
(3) In morphology they vary from small granules or short rods to 
long threadlike granules or rods. They may be seen to change form 
while under observation and to move slowly about in the cytoplasm 
(Lewis and Lewis’). They are discrete bodies free in the cytoplasm 
and while the long threadlike forms may be entangled to resemble a 
net they do not form a continuous reticulum. (4) They disappear 
from the cells a few hours after the death of the animal. It is usually 
stated, that in order to demonstrate the mitochondria, the tissue must be 
fixed within two hours after death. However, I have been able to 
stain mitochondria in thyroid tissue from a necropsy performed six 
hours after death and in nerve cells from spinal ganglia of rats which 
were fixed twenty-four hours after the animal was killed. The rapidity 
with which they disappear, apparently varies with the speed of autolysis 
within the given cell. (5) They disappear quickly in cells heated to 
from 48 to 50 C. Thirty minutes is the time given by Cowdry.* (6) 
Chemically mitochondria are believed to be a combination of phos- 
pholipin and albumin. They are soluble in dilute 2 per cent. acetic acid 
and in the various mineral acids. They are soluble in alcohol, ether 
and chloroform, and are rendered insoluble by chromization. They do 
not stain with Sudan III or Scharlach R, and may be colored brown by 
osmic acid but are not blackened as are neutral fats. They do not give a 
definitely positive Millon’s reaction. 

Mitochondria are best fixed by mixtures of liquor formaldehyd and 
potassium bichromate; osmic acid, potassium bichromate and a low 
percentage of acetic acid; or osmic acid, chromic acid and a low 
percentage of acetic acid, or osmic vapor where it can be applied to 


7. Lewis, M. R. and W. H.: Mitochondria (and other cytoplasmic structures) 
in Tissue Cultures, Am. J. Anat. 17:339, 1915. 

8. Cowdry, N. H.: A Comparison of Mitochondria in Plant and Animal 
Cells, Biol. Bull, 33:196, 1917. 
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smears. In sections of fixed tissue they are best stained by Altmann’s 
anilin-acid-fuchsin differentiated with methyl green or picric acid; 
Regaud’s iron alum hematoxylin method, or Benda’s crystal violet- 
alizarin method. By all methods, the sections are stained deeply and 
then differentiated to bring out the mitochondria. A number of proven 
technics are given in Cowdry’s ° article. 

Janus green B (diethylsafraninazodimethylanilin) of Farbwerke 
Hoechst and Co., used as a supravital stain in dilute solutions of from 
1: 5,000 to 1: 100,000 in 0.85 per cent. sodium chlorid solution, stains 
mitochondria an intense green, and unless the dye is too concentrated 
no other cytoplasmic structures are stained. In properly fixed and 
stained preparations the morphology and distribution of the mito- 
chondria correspond to their morphology and distribution in the same 
type of cells when examined unstained or stained supravitally with 
Janus green B. 

Mitochondria were first noted in red blood cells by Meves ° in 1907, 
who briefly described them as a perinuclear mass of threadlike granules 
which outlast the nucleus and are found in young erythrocytes. In 
1911, Ciaccio*® found the mitochondria gradually decreased as the 
hemoglobin appeared in the cell and concluded that they had to do 
indirectly with the formation of hemoglobin. He described a few 
mitochondria as being present in erythrocytes just before they entered 
the circulation. Meves,"? in 1911, made practically the same observation 
on red blood cells in the bone marrow of the guinea-pig. Schridde,’* 
in 1912, studied bone marrow of young rabbits by Altmann’s technic 
and claimed that the mitochondria lose their sharp contour, shrink in 
size, and diminish in number in direct proportion to the increase in 
hemoglobin in the cell. From these observations, he concluded that the 
mitochondria are the first elements in hemoglobin formation, and are 
able to fill the whole cell with a chemical element (hemoglobin). 

Ciaccio ** immediately repeated his former work using the technic 
of Altmann, Regaud, Benda and Ciaccio, and concluded that the claims 
of Schridde were without foundation because his technic was inad- 
equate—the objection being that the acid fuchsin used by Schridde to 
stain the mitochondria colors the hemoglobin vividly and thus obscures 


9. Meves, F.: Ueber Mitochondrien bezw. Chondriokonten in den Zellen 
junger Embryonen, Anat. Anzieg. 31:399, 1907. 

10. Ciaccio, C.: Sui mitochondri degli elementi linfoidi e mieloidi. Pathologica. 
3: 1911 (quoted from Cowdry). 

11. Meves, F.: Gesammelte Studien an den roten Blutkorperchen der 
Amphibien. Arch. f. mik, Anat. 77:465, 1911. 

12. Schridde, H.: Untersuchungen ueber die Bildung des Haemoglobins. 
Anat. Anzeig. 42: No. 20-21, 1912. 

13. Ciaccio, C.: Les plastosomes des éléments de la série hémoglobinique. 
Fol. Haematol. 15:391, 1913. 
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the mitochondria in the cells containing hemoglobin. He, therefore, 
holds to his original view that the mitochondria play an indirect part in 
the formation of hemoglobin. Cowdry® notes that Ciaccio ignores 
the fact that the iron-hematoxylin stain which he himself used, acts 
in much the same way; and recommends supravital staining with Janus 
green B as a method by which mitochondria can be studied and counted 
in living blood cells. He also states that the formation of hemaglobin 
from mitochondria alone involves chemical impossibilities. 

Cowdry," in 1914, stained the bone marrow of a young guinea-pig 
with Janus green B and noted that mitochondria were present in some 
of the erythrocytes. Shipley,’ in 1916, studied the mitochondria in the 
erythrocytes of embryo pigs and found them present in all nucleated 
red blood cells and in a percentage of the erythrocytes which decreased 
as the age of the embryo advanced (73 per cent. in 24 mm. embryo, 
and 12 per cent. in 100 mm. embryo). In fresh unstained blood the 
mitochondria could be seen by transmitted light as refractile granules 
and by reflected light as bright granules surrounded by a bright halo. 
They were stained specifically with Janus green B and gave all of the 
staining reactions of mitochondria. Their solubility in acetic acid was 
tested by fixing blood smears in Bensley’s acetic-osmic-bichromate mix- 
ture containing varying amounts of acetic acid. In fluid containing 
more than 3 drops of acetic acid in 20 c.c., the mitochondria were not 
fixed, and in fluid containing more than 10 drops of acetic acid in 20 c.c., 
the red blood cells were destroyed. 

In fresh blood stained supravitally with Janus green B (1: 10,000 
in 0.85 per cent. sodium chlorid solution), the mitochondria were 
described as dancing green rods which moved about so rapidly in the 
cell that it was difficult to count them. They exhibited a tendency to 
assume a position perpendicular to the slide and appear as granules 
unless the cell was turned on edge. They were often clumped together 
near the periphery of the cell. After about two and one-half hours, 
the bright green color was changed to a red from the reduction of the 
dye to diethyl-saffranin. This faded slowly. They were also described 
as forming green walled vacuoles which might be extruded or frag- 
mented. The mitochondria disappeared from all cells in shed blood 
after a short time. They were not present in the erythrocytes of the 
circulating blood of normal adult mammals, but were present i. the 
young erythrocytes of normal adult bone marrow and in the circulating 
blood of adult humans with pernicious anemia and signs of active blood 
regeneration. Their presence in erythrocytes was evidence of the 
youth of the cells containing them. 


14. Cowdry, E. V.: The Vital Staining of Mitochondria in Human Blood 
Cells with Janus Green B. Internat. Monatschr. f. Anat. u. Physiol. 31:267, 1914. 
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Sappington,’ in 1918, using the Janus green B stain (1: 6,000 in 
85 per cent. sodium chlorid solution), studied the blood of rabbits 
which had been rendered anemic by repeated bleedings or by repeated 
injections of phenylhydrazine hydrochlorid. He found that the number 
of erythrocytes containing mitochondria increased as the anemia became 
more severe, and that the percentage was inversely proportional to the 
percentage of hemoglobin in the blood. In the animals which had been 
rendered anemic by phenylhydrazine, the mitochondria of the erythro- 
cytes were slightly larger and more deeply stained than those in the 
animals which had been bled. Otherwise, the conditions were the same 
in the two series. He was able to produce such a severe anemia that 
80 per cent. of the erythrocytes contained mitochondria, whereas none 
were seen in the blood of normal rabbits. The mitochondria were 
described as bright green dancing granules. Both Shipley and Sap- 
pington concluded that the study of the mitochondria in the erythro- 
cytes in anemia would be a valuable clinical method for the detection of 
blood regeneration. 

It has long been known that a basic staining substance is present in 
certain erythrocytes, and that it can be demonstrated in the form of 
polychromatophilia, punctate basophilia, or reticulum by appropriate 
staining methods. In dried or fixed smears stained with Wright’s 
modification of Romanowsky’s stain polychromatophilia is seen as a 
diffuse double staining of certain erythrocytes with blue and red which 
gives them a light purplish color. By the same method, punctate 
basophilia or stippling is seen as small deep blue granules in certain 
erythrocytes. The reticulum present in certain erythrocytes is seen as 
a delicate network and is best demonstrated by staining supravitally 
with brilliant cresyl blue or azur II but can be stained supravitally by 
almost any basic dye which mixes with the blood without forming a 
precipitate and enters the erythrocytes as azur I, methyl, gentian or 
crystal violet, pyronin, malachite green, thionin, neutral red, the various 
methylene blues, etc. 

It is quite generally believed that these basophilic forms are young 
erythrocytes. The reasons for this belief are, briefly, as follows: in 
the circulating blood of normal adult humans no polychromatophilia or 
punctate basophilia and not over 1 per cent. of reticulated cells are 
found. In the blood of mammalian embryos, the basophilic erythro- 
cytes occur frequently and their percentage decreases as the age of the 
embryo advances. Shortly after birth, the erythrocytes of the circu- 
lating blood resemble those of the adult. Basophilic substance can 
usually be demonstrated in nucleated red blood cells. In adult bone 
marrow, where blood formation is in progress, basophilic erythrocytes 
are common. In anemic adults the percentage of basophilic erythrocytes 
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is roughly proportional to the activity of the bone marrow. Finally, 
Robertson,** in 1917, by transfusing normal rabbits (giving them 10 c.c. 
of whole blood daily for from 10 to 20 days) was able to increase their 
hemoglobin from 80 or 90 per cent. to 140 or 150 per cent. In these 
transfused rabbits with an increased percentage of hemoglobin, the 
reticulated cells in the circulating blood fell from 10 or 20 per 1,000 
erythrocytes in the normal animal to about 1 per 1,000 in the transfused 
animals, and in the bone marrow from 320 per 1,000 to 14 per 1,000. 
The theory that basophilic erythrocytes are old senile erythrocytes is no 
longer tenable. 

Hawes," in 1909, investigated the three forms of basophilia exhib- 
ited by erythrocytes. He made careful percentage counts of poly- 
chromatophilic and stippled cells in smears stained by Wright’s stain 
and compared them with the percentage of reticulated cells found in 
specimens of the same blood stained supravitally with brilliant cresyl 
blue. The counts of reticulated cells were made from permanent smear 
preparations obtained by staining a drop of blood on a cover slip with 
brilliant cresyl blue, then smearing the blood and staining the dried 
smear with Wright’s stain in the usual manner. The study included 
blood from normal adult humans, normal infants, and adult patients 
with various forms of primary and secondary anemia. Biffi’s state- 
ment that the polychromatic cells are usually larger than normal was 
confirmed, and it was noted that reticulated cells were, as a rule, larger 
than the normal cells. No distinction was made between polychro- 
matophilia and stippling but the total percentage of both forms present 
was compared to the percentage of reticulated cells in the same blood. 
He found that the two groups were roughly proportional for the same 
blood but that the percentage of reticulated cells was uniformly higher 
and concluded that they were different forms of the same process. 
The supravital staining method was a more delicate method and hence 
gave a slightly higher percentage. 

Pappenheim "* studied the basic substance in young erythrocytes 
by means of his analytical staining methods. He used various com- 
binations of methyl green, pyronin, methylene blue, eosin, malachite 


green, azur II, giemsa, triacid and gold orange. On the basis of their 
staining characteristics, he concluded that polychromatophilia, punctate 
basophilia and reticulum were all of spongioplasmatic nature and not 


15. Robertson, O. H.: Effects of Experimental Plethora on Blood Production. 
J. Exper. M. 26:221, 1917. 

16. Hawes, J. B.: A Study of Reticulated Red Blood Corpuscles by Means of 
Vital Staining. Its Relation to Polychromatophilia and Stippling. Boston 
M. & S. Jour. 161:493, 1909, 

17. Pappenheim, A.: Neue Zytomorphologische Studien an Blutzellen mit 
farben analytischen Methoden. Fol. Haematol. 9:572, 1910. 
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paraplasmatic, chromatic or parachromatic ; the spongioplasm being the 
indifferent cytoreticulum and the paraplasm the true protoplasmic 
parenchyma of the cell. The Howell-Jolly bodies stained with methyl 
green and hence he concluded that they were of chromatic nature 
(nuclear rests). In his general review of the subject,’* he regards 
the Cabot rings as rests of the nuclear membrane and the metachro- 
matic granules of the reticulum which stain red with brilliant cresyl 
blue or azur II as lipoid material because they are soluble in water. 
He also notes that punctate basophilia is characteristic of toxic regenera- 
tion and regards it as a further modification of polychromazie than is 
reticular substance. 

Shilling-Torgau,’® in two beautifully illustrated articles, reviewed 
an extensive literature and summed up his own studies on the erythro- 
cytes. He concluded that in the hemoglobin containing part of the 
mammalian erythrocyte, apart from the glass body and capsule body, 
there is an achromatic ground substance or stroma of unknown structure 
which condenses on an endoplasm boundary to form a crust, apparently 
through the medium of cholesterin and lecithin inclosures, while the 
inner part can be more fluid. In the young erythrocytes the basic 
substances are contained in those layers which through pictures of 
polychromatophilia, punctate basophilia and vital staining net structure 
deviate from the ground substance. They are due to the presence of 
basic staining protoplasm of youthful character and are all different 
expressions of what is substantially the same substance. Punctate 
basophilia is a modification of the young basic protoplasm dependent on 
embryonic or pathologic disturbances of blood building. The distrib- 
uted metachromatic vital substance apparently takes origin from the 
region of the “Kapselkorper” or, at least, from a small eccentric district 
in the vicinity of the “zentral apparates.” The blood platelets arise 
from the nucleus and are eliminated by extrusion.*° 

It is seen that the red blood cells described by one group of investi- 


gators as containing mitochondria correspond closely to those described 
by another group of investigators as containing reticulum or other 
forms of basophilic substance. In fact, with the exception of Meves ™ 
none of the investigators quoted as describing mitochondria in red 
blood cells have even mentioned the reticulum. Meves in his studies on 
amphibian red blood cells laid stress on the “randriefen” or band 


18. Pappenheim, A.: Ueber Polychromatophilie. Synthetische Generaltber- 
sicht. Fol. Haematol. 9:311, 1910. 

19. Schilling-Torgau: Arbeiten uber den Erythrocyten. Fol. Haematol. 11: 
572, 1911; 14:97, 1913. 

20. Wright’s theory of the origin of the platelets from the megakaryocytes 
is accepted in this country, and I have confirmed his results in unpublished 
observations. (J. Morphol. 21:263, 1910.) 
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around the periphery of the cell, the chondriosomes (mitochondria), 
and the chromatoiden granules around the nucleus. He dimissed the 
basophilic network or reticulum as an artefact and quoted A. Fischer ** 
to the effect that the chief part of the red blood cell—the hemoglobin, 
from a neutral solution through the action of various fixatives becomes 
insoluble and takes on a plasmatic appearance. The coagulations are 
fine with osmic, Altmann’s, picric, chramic, osmic acetic, platinic 
chlorid, formol, etc., and coarse with nitric acid or nitric acid alcohol. 

As no attempt has been made to differentiate the two structures, 
many men interested in hematology have assumed that the reticulum is 
a form of mitochondrial substance. 


MATERIAL AND METHODS 

Rabbits were used because they are convenient to work with and 
because mitochondria and reticulum have been described in the young 
erythrocytes of rabbit’s blood. As no quantitative data was sought, 
the adult rabbits were simply bled from an ear vein often enough to 
keep them moderately anemic and stimulate the bone marrow sufficiently 
to produce from 10 to 15 per cent. of reticulated cells in the circulating 
blood. Bleedings of from 10 to 20 c.c. of blood, every second or third 
day, were found to be satisfactory. At times, the degree of anemia 
was increased in an effort to study earlier stages in blood formation. 
Other rabbits were rendered anemic by the injection of phenylhydrazin 
hydrochlorid. As a rule, the blood was shed into a bottle containing 
a few crystals of potassium oxalate and could then be kept and studied 
for days. All observations on oxylated blood were controlled by the 
study of fresh blood. The oxalate apparently did not affect either the 
reticulum of the erythrocytes or the mitochondria of the white blood 
cells. In other instances, the blood was defibrinated by stirring rapidly 
with a glass rod. This process markedly reduced the percentage of 
white blood cells in the blood, but did not so greatly reduce the per- 
centage of reticulated cells. Blood of embryo cats and embryo rabbits 
was also studied. 

Fresh unstained blood was examined by transmitted light and with 
the dark field apparatus. Blood was stained supravitally with brilliant 
cresyl blue, azur I, azur II, various methylene blues, methyl green, 
gentian violet, crystal violet, thionin, malachite green, neutral red, and 
Janus green B. The Janus green B used was the diethylsafranin- 
azodimethylanilin of Farbwerke Hoechst and Company and was given 
me by Professor R. R. Bensley of Chicago. It stained undoubted 
mitochondria in white blood cells and in gland cells. 


21. Fixierung Farbung, und Bau des Protoplasmes, Jena, 1899. 
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Attempts were made to control the observations on fresh prepara- 
tions. The mitochondrial fixatives of Bensley,*? Meves,** and Regaud ** 
were used, also various modifications of these were tried. Dried and 
wet smears were fixed in osmic and liquor formaldehyd vapor and 
ethyl and methyl alcohol and in various mixtures containing liquor 
formaldehyd potassium bichromate, corrosive sublimate, acetic, picric 
or chromic acid. Fixation of whole and partially laked blood was 
accomplished by mixing the blood with the fixing fluid, then washing 
and collecting the sediment. The fixed cells were examined unstained 
and smeared on a slide and the dried smear stained. In other instances 
the sediment was dehydrated in graded alcoho! cleared in xylol, col- 
lected in a filter paper cone and imbedded in paraffin. The paper was 
removed and 2 micron sections were cut and fixed to slide by water- 
albumin method and stained for mitochondria. Bone marrow of anemic 
rabbits and livers of embryo cats were fixed by Bensley’s A. ©. B., 
Regaud’s IV B or Meves method, and sections cut and stained for 
mitochondria. 

The mitochondrial stains of Bensley, Regaud and Benda ** were 
used. Smears and sections were also stained with the various dyes 
which stain reticulum supravitally and by the common blood stains. 
The method of Hawes * and of Cunningham ** of staining supravitally 
and then making a smear and staining the dried smear was also used. 


OBSERVATIONS 
If fresh blood from an anemic rabbit be examined by transmitted 
light with an immersion lens, the erythrocytes appear homogeneous. 
However, if the cover slip be pressed down so that the cells are actually 
flattened out between the slide and the cover slip and the condenser is 
slightly lowered, one can occasionally see an indefinite faintly refractile 
substance in some of the erythrocytes. The picture is very indefinite 
and not to be compared in clearness with the refractile mitochondria 
seen in the lymphocytes in the same preparation. The cells exhibiting 
this refractile substance are usually slightly larger and lighter in color 
than the surrounding erythrocytes. 


22 Bensley, R. R.: Studies on the Pancreas of the Guinea Pig. Am. J. Anat. 
12:297, 1911. 

23. Meves, F.: Die Chondriosomen als Trager erblicher Anlagen. Cytologische 
Studien an Huhnen Embryo. Arch. f. Mik. Anat. 72:816, 1908. 

24. Regaud, C.: Etude sur la structure des tubes séminiféres, etc. Arch. 
d’Anat. Microp. 11:291, 1910. 

25. Benda, C.: Die Mitochondriafarbung und andere Methoden zur Unter- 
suchung der Zell substanzen. Verhandl. d. Anat. Gesellsch., 1901, p, 155. 

26. Cunningham, T. D.: A Method for the Permanent Staining of Reticulated 
Cells. Arch. Int. Med. 26:405 (Sept.) 1919. 
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If the blood be mixed with 0.85 per cent. sodium chlorid solution 
and examined by reflected light with the dark field condenser, the 
normal erythrocytes appear as luminous rings with a uniformly dark 
interior. In blood containing from 15 to 20 per cent. of reticulated 
cells no difference could be made out between the various erythrocytes 
unless the cells were laked or stained supravitally when the reticulum 
became visible as luminous masses in the cells containing it. 

When a drop of blood is mixed with a drop of brilliant cresyl blue 
(1:300 in 0.85 per cent. sodium chlorid solution) the reticulum is 
quickly stained a deep purple. In anemic rabbits’ blood and in embry- 
onic blood, the reticulum is usually stained as a delicate mosslike wreath 
lying in the thick zone of the erythrocyte between the periphery and 
the central depressed area. The fibers of the wreath are not clear cut or 
straight but are fuzzy and wavy as though they were made up of 
minute particles. They branch irregularly and vary m caliber from 
fairly coarse to extremely delicate fibrillae. In the meshes or at the 
internodes of the coarser fibers are a variable number of purple staining 
granules. A few (from two to six) minute spherical metachromatic 
granules are usually present in the net. These stain red at first and 
later change to a purple and cannot be distinguished from the rest of 
the reticular substance. 

The mosslike wreath is the usual form; but all gradations, ranging 
from cells containing a few basophilic granules or fragments through 
rather coarse networks and loosely constructed wreaths up to the 
typical wreath can be seen in the same blood. A rather common form 
is one in which from twelve to fifteen anastamosing fibers form an 
irregular network in the cell. This irregular form is more common in 
rabbits rendered anemic with phenylhydrazin and is the usual form 
seen in pathologic anemias in human blood. The fibers are coarse and 
the granules larger than in the typical forms. In addition to the cells 
showing definite basophilic granules or masses, one often sees cells 
which stain diffusely with the dye and are light purple in color. Drs. 
Minot and Peabody have noted these cells and term them grey cells.** 
Presumably they represent a transition stage between the reticulated 
cell and the mature erythrocyte. With azur I they stain a diffuse light 
pink. Attempts to differentiate them more sharply from the normal 
erythrocytes were not successful. 

In the nucleated red blood cells of embryonic blood, the reticular 
net surrounds the nucleus. In the cells in which the nucleus is beginning 
to be cast off the reticulum is flattened between the nucleus and the cell 
membrane. In cells in which the nucleus is about half way out of the 
cell the encircling reticulum is broken and the tapering edges are seen 


27. Personal communication. 
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in the angular space between the partially extruded nucleus and the 
cell membrane. In cases in which the nucleus has almost entirely left 
the cell, the typical reticular wreath is formed in the erythrocyte 
adherent to the nucleus. In preparations apparently perfectly stained, 
an occasional nucleated red blood cell is found in which no reticular 
substance can be seen. No evidence was seen which suggested that any 
of the basophilic substance left the cell, with the nucleus, as one would 
expect to occur if the nucleus were pinched off by a process of unequal 
cell division as described by Emmel.** The behavior of the reticulum 
lends support to the theory of Howell ** that, as a rule, the nucleus is 
actually extruded. 

Azur II, used as a supravital stain, stains the reticulum and nuclei 
blue and the metachromatic granules red. It is a much more reliable 
stain for the metachromatic granules than the brilliant cresyl blue. 
Azur I stains the reticulum pink and the nuclei purple. Thionin stains 
the reticulum pink and the nuclei purple. Toluidin blue and Unna’s 
alkaline methylene blue each stain the reticulum pink and nuclei blue. 
Crystal violet, gentian violet, methylene blue, Ehrlich’s methylene blue, 
neutral red, malachite green, etc. stain the reticulum and nuclei the 
color of the dye used and not differentially. Methyl green stains nuclei 
green but does not stain reticulum. 

Because Janus green B has been used extensively as a specific 
supravital stain for mitochondria, its action was studied more in detail. 
It was used in concentrations varying from 1: 5,000 to 1: 100,000; 
1: 6,000 in 0.75 per cent. sodium chlorid solution was found to be most 
satisfactory for red blood cells. A drop of the stain is placed on a 
slide, and a very small drop of blood added with a small glass rod and 
the preparation covered with a cover slip. The preparation is ringed 
with petrolatum and can be studied at intervals for days. In such a 
preparation the mitochondria of the lymphocytes are stained a deep 
green in about two minutes and can be seen as minute rods and 
granules lying free in the protoplasm. A few minutes later the 
mitochondria of the granular leukocytes are stained green and can be 
differentiated from the specific granules which surround them but 
remain clear and unstained. At about the same time, certain of the 
erythrocytes are seen to be stained a faint diffuse slate green color and 
contain a variable number of small green granules and rods which 
resemble the mitochondria seen in the white blood cells in the same 
preparation. In an isotonic medium these granules are stationary and 


28. Emmel, V. E.: Concerning Certain Cytological Characteristics of the 
Erythroblasts in the Pig Embryo and the Origin of Non-Nucleated erythrocytes 
by a Process of Cytoplasmic Constriction. Am. J. Anat. 16:127, 1914 

29. Howell, W. H.: The Life History of the Formed Elements of the Blood, 
Especially the Red Blood Corpuscles. J. Morphol. 4:57, 1890. 
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exhibit neither slow nor rapid movement. If the blood be brought into 
a hypotonic medium so that part of the red cells are laked, the granules 
may move rapidly about in the cell as do the granules of the leukocytes 
under the same conditions. 

In from fifteen to twenty minutes the green granules in the erythro- 
cytes have become more numerous, and are connected by delicate green 
strands so that a definite reticulum is formed in the erythrocytes. The 
network is never in the form of the mosslike wreath seen in preparations 
stained with brilliant cresyl blue or azur, but when fully stained it is 
an irregular net of rather coarse fibers crossing the cell irregularly and 
resembles the reticulum seen in pathologic anaemias in human blood. 
The granules are incorporated in the fibers and lose their identity. 
At about the same time, the nuclei of the white blood cells are stained 
greenish blue. In about one-half hour, the nuclei of the white b!ood 
cells gradually turn pink in color from the reduction of the green dye 
to the diethyl-saffranin. In the majority of cases, mitochondria of the 
white blood cells were not observed to turn pink, as is usually described, 
but, as a rule, gradually faded, and after from three to six hours they 
had entirely disappeared. In other cases, they apparently coalesced to 
form one or two deep green round or oval masses which remained in 
the cell several hours longer and then disappeared. In other prepara- 
tions made from the same blood with the same stain, in about the same 
proportions, the mitochondria turned pink and disappeared in two hours. 

The reticulum in the erythrocytes, which was stained a deep green 
in about one-half hour, neither turned pink nor faded but remained a 
uniform deep green for from twenty-four to forty-eight hours. In 
from eight to ten hours, most of the reticulated erythrocytes are laked, 
and in twenty-four hours all of the reticulated and many of the non- 
reticulated erythrocytes are laked, and the bright green reticulum can 
be seen in the shadows, and its morphology does not differ markedly 
from the morphology of the reticulum in a fresh Janus green prepara- 
tion made from fresh blood. After twenty-four hours, the green color 
gradually fades from the reticulum, as does the pink from the nuclei, 
and in about forty-eight hours the preparation is clear and unstained. 
The reticulum, however, does not disappear from the cell after the 
Janus green fades, but remains as a refractile network in the shadows 
of the laked cells. Its morphology is not altered to any great extent. 
and it apparently persists as long as the cell membranes remain intact 
and the preparation is prevented from drying. In well ringed prepara- 
tions it remains practically unchanged for two weeks or more. 

Vacuoles are not rare in erythrocytes of a preparation which has 
stood for an hour or so. They are clear and variable in size and are 
usually seen in the nonreticulated cells. When present in reticulated 
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cells, they apparently have no connection with the substance stained 
with Janus green. No evidence was seen which suggested that this 
substance swelled to form vacuoles or globules. No green walled 
vacuoles were seen, and it is believed that the vacuoles observed here 
are similar to the degeneration vacuoles seen in other cells. Another 
form of degeneration occasionally seen in preparations which have 
dried slightly and very slowly is one in which the cell membrane pre- 
serves its smooth contour but the hemoglobin apparently contracts and 
splits to form two rounded globules in the cell. The globules may be 
unequal in size and a clear area is seen in the angular space between 
the globules and the cell membrane. This phenomenon may occur in 
either reticulated or nonreticulated cells. When it occurs in cells in 
which the reticulum is stained, the reticulum ts in the globules con- 
taining the hemoglobin and may be in one or in both of them. Such 
forms may be quite numerous in a localized area, and the rest of the 
preparation show only beginning crenation, so they are apparently due to 
osmotic influences and not to any inherent property in the erythrocytes 
affected. 

In oxylated blood shed twenty-four hours before and kept at room 
temperature, the reticulum can be stained with Janus green and does 
not differ in morphology from that stained in fresh blood. In oxylated 
blood, the mitochondria disappear from the white blood cells in from 
five to six hours at room temperature and none can be seen in the 
twenty-four hour blood. If a preparation of blood stained with Janus 
green be allowed to stain completely, and then 5 per cent. acetic acid 
be run under the cover slip, the mitochondria quickly disappear from 
the white blood cells and the nuclei become refractile and then slowly 
fade. The erythrocytes are quickly laked, and the bright green reticu- 
lum is seen in the shadows of the laked reticulated cells. Its color 
fades, as does that of the nuclei, but instead of disappearing entirely 
from the cell, as do the mitochondria of the lymphocytes, the reticulum 
becomes refractile and can be seen in the laked erythrocytes. If the 


preparation be examined twenty-four hours later, the refractile reticu- 


lum is still present. 

If a small amount of 1: 300 solution of azur I be allowed to flow 
under the cover slip of a preparation in which the reticulum is 
deeply stained with 1:6,000 solution of Janus green, the green 
reticulum is quickly stained pink by the azur. When the process of 
staining is watched in an individual cell, the green apparently does not 
fade but is covered by the pink dye and obscured. The morphology 
of the reticulum is unchanged, except that the fibers of the irregular 
network appear coarser from the addition of the azur. It is thus 
possible to stain the reticulum as an irregular net with azur by first 
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staining with Janus green; and in another drop of the same blood by 
using the azur alone to stain it as a mosslike wreath in the great 
majority of the cells. As noted above, when stained with Janus green 
the mosslike wreaths are not formed, and none are seen when the 
preparation is later stained with the dyes which characteristically give 
the mosslike wreath. The supravital staining apparently determines 
the form of the reticulum and fixes it in the form characteristic of the 
dye used. The percentage of erythrocytes containing reticulum in a 
preparation stained with Janus green corresponds closely with the per- 
centage of reticulated cells in a preparation of the same blood stained 
with brilliant cresyl blue, azur I, or II, ete. 

Janus green B stains mitochondria in very dilute solutions of the 
dye. <A solution of 1: 100,000 in 0.85 per cent. sodium chlorid appar- 
ently stains all the mitochondria in the cells examined and stains them 
intensely. Cowdry® was able to stain mitochondria in lymphocytes 
with solutions of 1: 1,500,000 Janus green B in physiologic sodium 
chlorid solution. In order to stain the reticulum successfully, a higher 
concentration of the dye is necessary. Solutions of 1: 10,000 work 
fairly well but act slowly. With a solution of 1: 20,000 it is necessary 
to use a larger volume of stain and the action is slow and uncertain. 
The rticulum, when stained fully, has the characteristic irregular netlike 
morphology but the structure is more delicate and the percentage of 
reticulated cells stained in the preparation is less than that in a specimen 
of the same blood stained with a solution of the same dye 1: 6,000. In 
order to stain the reticulum with a solution of 1: 50,000 Janus green B, 
from three to six drops of blood were mixed with from 6 to 10 c.c. of 
the dye and the sediment examined several hours later. It was possible to 
stain a very delicate netlike reticulum in a percentage of the erythrocytes 
which was well below that of the reticulated cells actually present in 
the blood examined.*” No evidence was obtained which suggested that 
the reticulum contained any inclusions or granules which possessed 
highly specific affinity for Janus green and therefore might be of 
mitochondrial nature. The morphology of the reticulum, when com- 
pletely stained, was always an irregular net. In using Janus green it is 
necessary to protect the erythrocytes from crenation as the stain appar- 
ently does not enter crenated red blood cells. In a preparation in which 
the red blood cells are even slightly crenated the reticulum of the 
erythrocytes is not stained even after many hours, although the mito- 
chondria of the white blood cells are stained perfectly in a few minutes. 
It was for this reason that the slightly hypotonic saline solutions (from 
0.75 to 8 per cent.) were used. 


30. With solutions of 1: 100,000 nothing was stained in any erythrocytes 
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CHARACTERISTICS OF YOUNG ERYTHROCYTES 

Considering erythrocytes which contain basophilic substance as 
young erythrocytes, it has been noted by Biffi*' and confirmed by 
Hawes,"* that these cells are, as a rule, slightly larger than the mature 
cells in the same preparation. In my investigations the majority of 
the reticulated cells seen were larger than the mature cells. However, 
I have found many cells of normal or less than normal size and even 
microcytes which contained reticulum. The larger cells are usually 
slightly lighter in color than the surrounding cells and apparently 
contain a lower concentration of hemoglobin. The reticulated cells 
exhibit a tendency to agglutinate and to adhere to foreign bodies in 
the blood. Their behavior in this respect resembles that of the leuko- 
cytes but is less marked. In oxylated blood which is stained and 
examined without unduly agitating the cells, frequent clumps of from 
ten to twenty reticulated cells are seen, even in blood containing only 
from 5 to 10 per cent. of reticulated cells. One or more white cells 
may be present in the mass of reticulated cells. This tendency to 
agglutinate is particularly marked when the oxylated blood is in hypo- 
tonic salt solution. 

The specific gravity of the reticulated cells is slightly lower than 
that of the normal erythrocytes. In a rather thick, supravitally stained, 
preparation which has been allowed to stand undisturbed for some 
minutes, the majority of the reticulated cells found are in the upper 
levels of the preparation. That this is not entirely due to the slow 
laking of the reticulated cells which is caused by the action of the stain 
can easily be demonstrated by allowing a test tube of oxylated anemic 
rabbit’s blood to stand for a few hours until the cells settle out of the 
plasma and comparative equilibrium is reached. Then make prepara- 
tions from the upper layers of the column of cells and from the bottom 
of the tube and ascertain the percentage of reticulated cells in each. 
A count will often show from 3 to 4 per cent. of reticulated cells in a 
preparation made from the bottom of the column of blood, and from 
40 to 50 per cent. in the preparation made from the upper layers of the 
column of cells. The actual percentages vary, of course, with the 
percentage of reticulated cells in the blood and with the time the 
preparation is allowed to stand. The white blood cells and blood 
platelets are also concentrated in the upper layers of the column of 
cells. The process can be accomplished more quickly by centrifuging. 

The reticulated cells are slightly more resistant to crenation than 
are the normal erythrocytes. In a supravitally stained preparation 
which is allowed to crenate slowly, it is noted that the reticulated cells 


31. Biffii, H.: Bull de Soc. Med. Ann. 79:8, 1908. 
(Quoted from Hawes). 
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are the last to be affected by the process. That this is not entirely due 
to the staining of these cells is indicated by the observation of unstained 
blood while crenation is in progress. The large pale cells are the last 
to be affected. 

Much has been written on the resistance of the erythrocytes in 
anemic blood to various hemolytic agents. A brief review of the 
literature on this phase of the subject is given by Pepper and Peet,* 
in connection with their studies on the resistance of reticulated erythro- 
cytes to hypotonic sodium chlorid solutions.. They concluded that 
there was no marked or constant difference in resistance to hypotonic 
salt solution between the blood of anemic rabbits and the blood of 
normal rabbits. I have not studied the resistance of anemic blood as 
compared to that of normal blood, but have merely studied the resist- 
ance of reticulated cells to hemoglobinolysis as compared to that of the 
nonreticulated cells in the same blood in hypotonic sodium chlorid 
solutions. The method used was to mix one part of oxylated blood 
with ten parts of salt solution, and then, at intervals of from two to 
twenty-four hours, stain specimens of blood from each mixture by 
withdrawing a drop in a pipet, placing it on a slide on which a drop of 
brilliant cresyl blue solution had been allowed to dry, covering and 
examining immediately. Salt solutions of from 0.3 to 0.5 per cent., 
varying by 0.01 per cent., and of from 0.5 to 1 per cent., varying by 
0.05 per cent., were used. 

It is necessary to make at least two preparations from each mixture 
because the unlaked cells settle to the bottom of the tube and the laked 
cells float in the solution above the column of unlaked cells. This fact 
may explain the diversity of results obtained by different investigators. 
The shadows of the nonreticulated cells can be seen in the preparations, 
and the laking of the reticulated cells can be recognized by the disap- 
pearance of the hemoglobin and by the behavior of the reticulum. 
When the reticulated cell is laked by distilled water and then stained 
with brilliant cresyl blue supravitally, the reticular substance stains 
purple in the characteristic manner, except that no metachromatic 
granules are seen. It is, however, not in the form of a reticulum but 
is present in the cell as numerous small granules and fragments and 
usually a single rather large purple globule. The granules usually 
collect at the periphery of the cell and the globule may pass out of the 
cell and remain adherent to the membrane. The granules or fragments 
are irregular in size and shape and may move rapidly about in the 
laked cell. They stain in the color characteristic of the reticulum with 
all of the stains mentioned above as staining reticulum in the supravital 


32. Pepper. O. H. P., and Peet, M. M.: Resistance of Reticulated Red Blood 
Cells. Arch, Int. Med. 12:81 (July) 1913. 
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preparations. The total amount of basophilic substance in the laked 
cell, however, appears to be much less than would result if the heavy 
mosslike wreath were fragmented in the cell. If laked anemic rabbit's 
blood be examined unstained with a slightly lowered condenser the 
shadows of the laked cells can be seen and the fragments of reticulum 
are quite refractile and easily seen. Their morphology does not differ 
from that seen in the stained laked reticular cells except that the large 
globule is not seen. 

This fragmented reticulum is seen in reticular cells laked by hypo- 
tonic salt solution regardless of the strength of the solution, provided 
the cell is laked. In reticulated cells which are suspended in hypotonic 
salt solution of from 0.5 to 0.6 per cent. sodium chlorid solution and 
then stained with brilliant cresyl blue as above described the reticulum 
is present as a smaller more compact wreath than that in reticulated 
cells in an isotonic medium. In lower concentrations of salt solution 
the reticulum of the unlaked cells may be gathered together in the form 
of a dense ball or disc in the center of the cell. The cells are swollen 
but contain hemoglobin. In the laked cells, the picture is abruptly 
changed to the fragmented form of reticulum and the cells contain no 
visible hemoglobin. 

In the blood of rabbits rendered anemic by bleeding or by injection 
of phenylhydrazin hydrochlorid, hemolysis began at about 0.42 per 
cent. and was almost complete at 0.3 per cent. sodium chlorid solution. 
In a drop of the solution taken from just above the column of cells 
in the mixture of oxylated blood and 0.42 per cent. salt solution and 
stained with brilliant cresyl blue as described above, laked reticulated 
cells and shadows of laked nonreticulated cells were seen. In a drop 
taken from the bottom of the tube containing oxylated blood and 0.3 
per cent. salt solution, a considerable number of unlaked hemoglobin 
containing cells were present. When stained, a moderate number of 
these contained reticulum which was collected in the center of the 
cell as above described. No cells were seen which resisted the action 
of distilled water. In some earlier experiments, I examined only the 
cells in the bottoms of the tubes and drew the erroneous conclusion 
that the reticulated cells are more resistant to hemolysis than are the 
nonreticulated cells. By examining both the cells which settled to 
the bottom and those which float free in the solution, no constant 
difference in resistance between reticulated and nonreticulated cells 
was noted. This was true for the solutions of intermediate strengths 
as well as for those at the beginning and completion of hemolysis. 


SOME PROPERTIES OF THE BASOPHILIC SUBSTANCE 
As noted above, if anemic rabbit’s blood be laked with distilled 
water, the shadows of the young erythrocytes are seen to contain 
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refractile granules and strands which stain in the manner characteristic 
of the reticulum, except that no metachromatic substance can be seen, 
If the blood be allowed to remain in the distilled water and is examined 
from twenty-four to forty-eight hours later, the refractile granules and 
strands are not dissolved but are practically unchanged and can be seen 
unstained or stained in the usual manner. The mitochondria, on the 
other hand, disappear from the white blood cells, and after from one- 
half to one hour in distilled water cannot be stained with Janus green 
or seen unstained. In blood laked in various strengths of hypotonic 
salt solution and examined twenty-four hours later, the reticulum in 
the laked and unlaked cells is practically the same as that present in the 
laked and unlaked cells of a similar mixture examined immediately 
after laking. 

If the blood be laked and stained simultaneously by mixing it with 
a solution of brilliant cresyl blue, 1: 300 in distilled water all transitions 
between the typical mosslike wreath and the fragmented reticulum 
seen in cells which are first laked and then stained are seen in the same 
preparations. The transition stages apparently being the result of two 
opposing forces: (1) the stain, which tends to fix the reticulum in the 
form of a net; and (2) the water entering the cell, which tends to 
break it up into fragments. If the reticulum be stained first and then 
the cells laked by adding distilled water, the reticulum is not broken up 
as the cell is laked but retains its original morphology as a wreath or 
irregular net as though it had been fixed and rendered rigid by the 
stain. In supravitally stained preparations which are ringed with 
petrolatum and allowed to stand for some hours, the reticulated cells 
are laked by the action of the stain, but the morphology of the reticulum 
remains unchanged. In forty-eight hours all of the cells are laked but 
the reticulum retains its original form and remains intact for days or 
as long as the preparation lasts. 

If the blood cells be crenated in hypertonic sodium chlorid solution 
and then stained with brilliant cresyl blue or azur, the reticulum is 
stained in the normal form of a mosslike wreath, except that the outline 
of the wreath is distorted by the irregularities of the cell. If the blood 
be mixed with ten parts of 10 per cent. sodium chlorid solution and 
allowed to stand twenty-four hours, and is then stained, the stain 
enters the crenated cells with difficulty and good preparations are not 
obtained. However, if from four to five parts of 1 per cent. salt solu- 
tion are added to the mixture of blood and 10 per cent. salt solution, 
the crenated cells are quickly laked and tht fragmented reticular sub- 
stance can be seen unstained or stained in the usual manner and does 
not differ markedly from that of fresh laked erythrocytes. 
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This laking of crenated cells by solutions which are hypertonic to 
normal blood is apparently due to the fact that an osmotic equilibrium 
is established between the interior of the crenated cells and the sur- 
rounding medium and a reduction of the osmotic pressure in the 
surrounding medium causes first swelling and then laking of the cells. 
The threshold of laking being determined by the osmotic pressure 
within the cell. To explain this behavior, it is not necessary to assume 
that there has been any change in the permeability of the membrane of 
the erythrocyte. On the other hand, if the erythrocytes are first laked 
in distilled water or hypotonic salt solution and then mixed with hyper- 
tonic salt solution, it is noted that some of the laked shadows are 
markedly crenated while others are simply reduced in size but preserve 
their smooth contour. If the laked cells be left in the hypertonic 
medium, the crenated cells gradually round out and assume their normal 
contour. If the blood be laked only partially, so that many of the 
cells contain hemoglobin, and then mixed with a moderately hypertonic 
salt solution and examined some hours later, it will be seen that the 
hemoglobin containing cells remain crenated while the shadows of the 
laked cells are smooth and rounded though decreased in size. From 
the failure of some laked cells to crenate in hypertonic solutions, it is 
probable that the permeability of the cell membrane has been increased 
by the laking. The later rounding out of the membrane of the crenated 
laked cells when equilibrium has been established suggests that the cell 
has lost some of its rigidity and become more pliable. 

In studying the resistance of the reticular substance to heat, oxylated 
blood was placed in a thermostat at a temperature of from 50 to 55 C. 
and examined at intervals of from one-half to twelve hours. Stained 
with azur II, after one-half hour at 50 C. the reticular cells were 
nearly all laked and the reticular substance did not stain in the char- 
acteristic netlike form but appeared as small isolated granules resem- 
bling the picture seen in punctate basophilia. The metachromatic 
granules could not be identified. In one hour, the reticulum had 
assumed the form characteristic of laked cells. After twelve hours at 
50 C. the reticular substance could still be stained in the laked cells. 
The mitochondria in the white blood cells disappeared in one-half hour 
at 50 C. 

As demonstrated above, the reticular substance is not soluble in 
water or sodium chlorid solutions. That it is not soluble in the blood 
plasma is indicated by the fact that it can be demonstrated in oxylated 
or defibrinated blood which has been shed for days (sixteen days if 
kept on ice). In oxylated blood which has been shed for forty-eight 
hours or longer, the cells are gradually laked and the reticulum is stained 
in fragments in the manner characteristic for laked cells. As the 
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degeneration progresses, the fragments are smaller and less numerous 
and the cells also stain diffusely with the dye. If either dried or wet 
smears are immersed and fixed in ethyl alcohol, methyl alcohol, ether 
or chloroform, and stained with brilliant cresyl blue a punctate baso- 
philia or basophilic fragments, or polychromatophilia is seen in a per- 
centage of the erythrocytes corresponding roughly to the percentage of 
reticulated cells in the blood used. This indicates that the reticular 
substance is not soluble in ethyl or methyl alcohol, ether or chloroform. 

If a drop of blood be mixed with a drop of 5 per cent. acetic acid 
and examined with the condenser slightly lowered, the shadows of the 
hemolyzed red cells can be seen, and in some of these shadows, the 
percentage being about the same as the percentage of reticulated cells 
present in the blood, small refractile granules and broken strands can 
be seen. The degree of refraction of these fragments is less than that 
of the nuclei of the white blood cells, and is about the same as that of 
the protoplasm of the lymphocytes in the same preparation. These 
granules and fragments stain readily with crystal violet, methylene 
blue, malachite green, etc., which act in an acid medium, and are 
undoubtedly reticular substance in a fragmented form. The same 
reaction takes place in any concentration of acetic acid varying from 1 
per cent. solution to glacial acetic acid. If the preparation be ringed 
with petrolatum and examined twenty-four hours later, the refractile 
basophilic substance is seen to be unchanged. 

With 5 per cent. oxalic acid the red blood cells are hemolyzed and 
the fragmented reticulum can be seen in the shadows of the cells con- 
taining it, though it is slightly less refractile and more difficult to see 
than in cells treated with acetic acid. With a saturated aqueous 
solution of picric acid, the reticulum is fragmented and refractile and 
rendered visible. It is of interest to note that Erb ** in 1865 treated 
fetal blood with acetic and picric acids and noted refractile granules in 
certain of the erythrocytes. He believed that the granules were 
remains of nuclei and regarded the cells containing them as transition 
stages between the red and the white blood cells. Erb undoubtedly 
observed the reticular substance many years before it was described and 
studied as basophilic substance. 

As is illustrated in Schafer’s textbook on microscopic anatomy,** 
if blood be mixed with an aqueous solution of tannic acid, the hemo- 
globin is slowly discharged from the cell and remains adherent to the 
cell membrane in the form of one or more irregularly spherical masses. 
If anemic tabbit’s blood be mixed with the tannic acid solution, the 


33. Erb, W.: Zur Entwicklungsgeschichte der roten Blut Koérperchen. Vir- 
chow’s Arch. f. path. Anat. 34:138, 1865. 
34. p. 369 
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reticulated cells can be identified as the reticulum is rendered slightly 
refractile by the tannic acid and remains in the cell after the hemoglobin 
is discharged. It is not in the form of a network but is seen as 
_ Slightly refractile granules throughout the cell. The shadows of the 
nonreticulated cells are clear. 

As is noted by Fisher in the passage quoted from Meves, many 
acids, such as dilute hydrochloric or nitric, cause a precipitation * of the 
hemoglobin and the erythrocytes appear as though filled with refractile 
protoplasmic granules. The same acids in higher concentrations 
distort the erythrocytes and render them highly refractile. In either 
case, it is not possible to definitely identify the reticular substance 
unstained, and I was not able to stain it differentially in the cells. 
However, if the blood is laked in an excess of distilled water and 
centrifuged, and the sediment collected and washed in from three to 
four changes of water until the pink color has almost entirely disap- 
peared, the hemoglobin is removed from the cells and no precipitate 
occurs on treating the washed laked cells with acids. The 
fragmented reticulum remains in the cell containing it and can be seen 
unstained or stained in the usual manner. If these cells be mixed with 
5 per cent. sulphuric acid, this fragmented reticulum is rendered highly 
refractile. The cell membranes of the reticulated cells also appear 
more refractile than the membranes of the nonreticulated cells. This 
may be due to minute particles of reticular substance adhering to the 
membrane. If the preparation is ringed with petrolatum and examined 
several hours later it is found to be practically unchanged. 

If the washed-out cells be treated with 2 per cent. nitric acid or 
5 per cent. hydrochloric acid, the picture is similar, although the reticular 
substance is less refractile than with 5 per cent. sulphuric acid. With 
strong nitric acid and strong hydrochloric acid the laked cells are 
reduced in size, and their edges are irregular, but the fragments of 
reticular substance are not disselved and can be seen in the shrunken 
cell shadows. In like manner, the reticular substance was found not 
to be soluble in 1 per cent. chromic acid, 1 per cent. phosphotungstic 
acid, 1 per cent. phosphomolybdic acid, 1 per cent. potassium perman- 
ganate, or Lugol’s solution. Not only was it not dissolved, but dts 
morphology was practically unchanged from that observed in the 
washed cells before subjecting them to the action of the various 
reagents, except that with the strong acids the particles are smaller 
in the contracted cells. 

If the blood be mixed with 1 per cent. sodium hydroxid solution, the 
erythrocytes are quickly dissolved and disappear entirely. The reticular 
substance is apparently dissolved also as no isolated reticular sub- 
stance can be stained in the mixture. Schilling-Torgau ™ observed 
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that reticulated erythrocytes treated with very dilute alkalis (1 drop of 
1 per cent. potassium hydroxid in from 30 to 50 drops 0.85 per cent. 
sodium chlorid solution) and then stained supravitally resulted in 
pictures resembling punctate basophilia and he interpreted his results as 
“transition stages between reticulation and polychromatophilia. I was 
able to obtain the same pictures by treating the blood cells with dilute 
sodium hydroxid and then staining with brilliant cresyl blue. The 
reticular substance appears in the form of fine granules scattered 
throughout the cells and resembles the pictures obtained by heating the 
cells to 50 C for twenty minutes and then staining them supravitally. 

Millon’s reagent was applied to anemic blood in the form of fresh 
blood, oxylated blood, defibrinated blood, wet smears, dried smears and 
fixed smears. In a preparation made by quickly mixing a drop of 
defibrinated blood with a drop of Millon’s reagent on a slide so that 
many isolated cells were present, then covering with a cover slip and 
heating slightly, the film of blood and reagent turns a light pink color. 
Certain of the erythocytes contain refractile granules which are 
probably reticular substance. These granules are often seen to be 
colored a faint yellowish pink, but the reaction is very indefinite at 
best and no conclusions can be drawn from the test. 

The reticular substance was tested for iron by the Prussian blue 
reaction and by MecCallum’s ** ammonium hydrogen sulphid reaction. 
In no case was a positive Prussian blue obtained in any erythrocyte, 
although the nuclei of the white blood cells in the preparations gave 
a very definitely positive reaction. In using McCallum’s ammonium 
hydrogen sulphid test for iron, fresh blood was mixed with glycerin 
one part and distilled water one part on a slide and a drop of freshly 
prepared ammonium hydrogen sulphid solution added. The preparation 
was covered with a cover glass and placed in a thermostat at from 48 
to 50 C. In preparations examined four or five days later the deep 
green ferrous sulphid was seen to be present in the nuclei of the white 
blood cells. The cytoplasm of the white blood cells was, as a rule, 
clear but in a few cases a few green granules were present in the 
cytoplasm of large mononuclear cells. In no case were any green 
granules or diffuse green discoloration seen in any erythrocyte, although 
the preparations were kept in the thermostat as long as four weeks. 
The reticular substance persisted indefinitely in the erythrocytes con- 


taining it and could be seen as clear refractile granules and masses 
in the cells at the end of four weeks. As was noted by McCallum, the 
iron of the hemoglobin is so firmly bound that it is not liberated by 
either method and consequently does not affect the reactions. 


35. McCallum, A. B.: Iron Compounds in Animal and Vegetable Cells. 
Quart. J. Microscop. Sc. 38:175, 1895. 
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According to Bensley ** the reaction used for the microchemical 
detection of phosphorus in cells is not due to actual phosphorus in the 
cell but to the absorption of some molybdic acid from the nitric acid 
reagent. This molybdic acid forms compounds with the albumins in the 
tissues and gives the green blue reaction. Inorganic phosphorus is 
first affected then lecithin and then organic phosphorus. Tissues treated 
by the reagent (solution of ammonium molybdate in nitric acid) do 
not contain sufficient ammonium phosphomolybdate to give a blue or 
green color when treated with 0.25 per cent. phenylhydrazine hydro- 
chlorid solution. However, certain cells have been found to give a 
positive reaction, and so the reticulated cells were tested by the “phos- 
phorus reaction.” In no case was a positive reaction given by the 
reticular substance. In certain cases, when the action was prolonged, 
the erythrocytes were colored a pale bluish green and this is thought to 
be due to the lecithin in the cell membrane. 

The potassium reaction of McCallum ** was applied to fresh and 
dried smears of whole blood and washed blood corpuscles. The 
reagent ** contains the hexanitrite of sodium and cobalt which precipi- 
tates potassium as a yellow triple salt. The preparation is washed in 
ice water from ten to twenty minutes and then treated with ammonium 
sulphid solution which forms a black precipitate of cobalt sulphid. The 
preparation is mounted in equal parts of water and glycerin. In a smear 
of anemic rabbit’s blood treated by the above method, the erythrocytes 
appear as faint black rings and there are a variable number of small 
deep black granules arranged around the periphery of the rings. In 
certain of the erythrocytes, the granules are more numerous, larger 
and scattered diffusely through the interior of the ring. If the test 
be applied to whole blood in fluid meduim, the shadows of the erythro- 
cytes are seen and the granules are usually scattered irregularly over the 
inner surface of the membranes. In certain of the erythrocytes the 
granules are larger, and in the interior of the cell and often appear 
as though strung together in a loose irregular net. [t was not found 
possible to stain a reticulum in these cells nor was it possible to demon- 
strate it in preparations which were first supravitally stained and then 
treated with the reagent. However, the cells containing the increased 


amount of potassium were quite rare in normal rabbit’s blood and were 


roughly proportional to the percentage of reticulated cells in the anemic 
36. Bensley, R. R.: Examination of the Methods for the Detection of Phos- 
phorus Compounds other than Phosphates by Microscopical Methods, Biol. Bull. 
10:49, 1905. 

37. McCallum, A. B.: Distribution of Potassium in Animal and Vegetable 
Cells. J. Physiol. 32:95, 1905. 
38. Cobalt nitrite 20 gm., sodium nitrite 35 gm., water 75 c.c.; dissolve, add 10 
c.c. glacial acetic acid and dilute with water to 100 c.c. 
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rabbit's blood. The presence of the small granules in all cells ts 
explained by the fact that the erythrocytes of rabbits are quite rich in 
potassium. It is reasonable to believe that the cells giving the stronger 
potassium reaction represent reticulated cells and that the reticular 


substance is rich in potassium. 


RELATION BETWEEN POLYCHROMATOPHILIA, PUNCTATE BASOPHILIA 
AND RETICULATION 

Hawes, on a basis of comparative counts concluded that polychroma- 
tophilia, stippling and reticulation are all different manifestations of the 
same process. Schilling-Torgau '* concluded that polychromatophilia and 
reticulation are different aspects of the basophilic substance and that 
punctate basophilia is a pathologic modification of this substance. By 
fixing blood in an alcohol-ether mixture, or by treating reticulated cells 
with a heavy dilute potassium hydroxid solution in physiologic sodium 
chlorid solution and then staining, Schilling-Torgau was able to produce 
transition stages between reticulation and punctate basophilia. These 
results of Hawes and of Schilling-Torgau were confirmed without 
difficulty. As noted above, similar pictures of fragmented or granular 
reticulum were obtained by subjecting the cells to heat or to dilute acids 
and then staining supravitally with brilliant cresyl blue, azur, etc. 
However, it is to be noted that all of these pictures can be interpreted 
as a fragmentation of the reticulum due to the chemical or physical 
agent used, as the basophilic particles stain deeply and there is no diffuse 
staining of the erythrocytes containing them. Hence, there is a definite 
gap between these pictures of fragmented reticulum and true polychro- 
matophilia. 

If a smear of anemic blood be dried in air and then stained with 
azur, brilliant cresyl blue, Unna’s alkaline methylene blue or any of 
the stains which stain reticulum supravitally, it will be seen that the 
reticular substance does not stain as a typical mosslike wreath but as 
basophilic fragments and granules which are present throughout the 
cell and there is no diffuse staining of the ground substance of the 
erythrocyte. If the smear is thoroughly dried by heat or by leaving 
for some hours or days before staining, the basophilic granules and 
particles are smaller. If the smear is stained very soon after it is dried, 
the basophilic particles form irregular nets in the erythrocytes contain- 
ing them. If the smear is only partly dried and then inverted over a 
drop of the stain and examined as a supravital preparation, all transi- 
tions between the fragmented reticulum, the irregular nets and the 
typical mosslike wreath of reticulum can be seen in the same preparation. 
The typical wreath forms are found in the cells which have not dried 
and do not adhere to the cover glass. It seems quite definite, then, 
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that all are different aspects of the same substance and _ that drying 
“the cettsbefore Staining interferes with the formation of the reticular 
—a—— 

In true polychromatophilia, the staining is diffuse and no granules 
or fragments are seen. In Wright’s and other methods which give 
pictures of polychromatophilia, the cells are fixed by alcohol in the 
stain or fixed before staining. If Wright’s stain be allowed to-dry ona 
slide and then a drop of salt solution and blood be added and the 
preparation sealed with petrolatum and examined as a_supravital 
preparation, no polychromatophilia is seen but a definite basophilic 
reticulum slowly appears in the basophilic erythrocytes. If freshly 
dried smears of anemic rabbit’s blood be fixed in methyl alcohol, formalin 
vapor or osmic acid vapor, and then stained with Wright’s stain or 
any of the stains which stain reticulum supravitally it is found that not 
a particle of reticulum is seen in any of the erythrocytes but that a 
definite polychromatophilia is present and the percentage of the 
erythrocytes staining diffusely with the dye used is roughly proportional 
to the percentage of reticulated cells in the blood used. 

If half of a dried smear be dipped in methyl alcohol and the smear 
be allowed to dry and then stained with azur or other reticular stain, 
it is seen that in the half which was dipped in alcohol the basophilic 
erythrocytes stain diffusely with the dye, and those in the half which 
was simply dried in air but not fixed contain fragments or an irregular 
network of reticulum. At the line of juncture between the fixed and 
the unfixed cells, transitions are seen, but the change is usually quite 
abrupt, a cell either being definitely polychromatophilic or exhibiting 
fragmented reticulum. By means of osmic vapor, however, a very 
definite and gradual transition can be traced between the two states. 
The method used was to fix a freshly dried smear by inverting it for 
two minutes over a small mouthed bottle containing 2 per cent. osmic 
acid. The edges of the cover slip generously overlapped the mouth of 
the bottle, and, consequently, were exposed to very little of the osmic 
vapor, while the central portion of the smear was exposed directly 
to the osmic vapor. If a smear fixed in this manner is stained with 
azur II, it is found that the normal erythrocytes in the central portion 
of the smear are tinted with green. The basophilic erythrocytes in the 
central portion of the smear, which were exposed directly to the osmic 
vapor and consequently are well fixed, stain a diffuse purplish blue, and 
in them no basophilic particles are seen. In the cells at the extreme 
edges of the smear, which were scarcely influenced by the osmic vapor, 
the basophilic substance is present as fragments or as an irregular 
network and the ground substance does not stain diffusely. In the 
intermediate zone, where the cells were affected lightly by the osmic 
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vapor and only partly fixed, the basophilic erythrocytes stain diffusely 
purplish blue with the dye and also contain minute fragments or delicate 
nets of basophilic reticular substance; the polychromatophilia predom- 
inates toward the central portion of the smear and the fragmented 
reticulum predominates in the peripheral portions. Examination of such 
a preparation convinces one that polychromatophilia and the fragmented 
reticulum are different aspects of a common basophilic substance. 


EXAMINATION OF FIXED CELLS 

The fixation of small blocks of fresh tissue gave uniformly better 
results than did the fixation of fresh blood or of wet or dried smears. 
Consequently, only the results obtained by the study of stained sections 
of bone marrow of anemic rabbits and of livers of embryo cats will be 
considered. It was found that after fixation with fluids containing 
acids and staining for mitochondria with the acid fuchsin or iron 
hemotoxylin methods, the reticular substance of the young erythrocytes 
could be demonstrated in a fragmented form. This was true with the 
mitochondrial fixatives of Bensley and Meves, as well as with more 
general fixatives containing a higher percentage of acetic acid, such as 
Zenker’s fluid. In such preparations, the young erythrocytes contain 
irregular, deeply stained, masses which resemble the fragments of 
reticular substance seen in young erythrocytes treated directly with 
acetic acid. 

The osmic acid of Bensley’s or Meves’ fluids penetrates the bone 
marrow very poorly and it is only on the edges of the sections that the 
young can be positively differentiated from the mature erythrocytes 
because in the interior of even very thin blocks of tissue nearly all of 
the erythrocytes are partially laked and contain irregular deeply stained 
fragments which may be either reticular substance or hemoglobin or 
both. The fragments of reticular substance present in the young 
erythrocytes render it impossible to decide whether or not mitochondria 
are also present as they stain deeply with the mitochondrial stain. 

In tissues fixed in a saturated solution of corrosive sublimate or 
picric acid in ‘absolute alcohol containing 5 per cent acetic acid the 
erythrocytes were completely laked and the reticular substance could 
be stained in the membranes of the cells containing it by mitochondrial 
methods or by simply staining with methylene blue or any basic stain 
which stains reticular substance supravitally. In such preparations, 
the reticular substance is seen as fine strands and small masses forming 
a delicate irregular network in the membrane of the laked erythrocyte. 
The interior of the mature erythrocytes is clear and unstained. 

For the demonstration of mitochondria in young red blood cells 
the neutral formalin bichromate fixative of Regaud ** gave by far the 
best results. It penetrates well and the mitochondria can be staired 
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by the iron hemotoxylin or any of the acid fuchsin methods. The 
danger of confusing the mitochondria with the fragmented reticulum 
is eliminated because, as was noted above, in young erythrocytes fixed 
in liquor formaldehyd the reticular substance is fixed diffusely in the 
cell and gives pictures of polychromatophilia. 

The difficulty in studying red blood cells by means of the various 
mitochondrial technics for fixed tissues is that hemoglobin stains deeply 
with the stain which stains the mitochondria. This is equally true of 
acid fuchsin, iron hemotoxylin or Benda’s violet stain. It was attempted 
to neutralize this by a preliminary deep staining of the hemoglobin by 
eosin, picric acid, organe G, or other contrasts tain. But, as all mito- 
chondrial methods for fixed tissues with which I am familiar depend 
on staining the section deeply and then differentiating until the mito- 
chondria stand out sharply, it was found that the preliminary counter 
staining of the hemoglobin either had little effect on the ultimate picture 
cr caused the mitochondria to stain poorly. 

However, the presence of the basophilic substance in the young 
red blood cells causes them to stain diffusely with the methyl green or 
toluidin blue of Bensley’s ** acid fuchsin methods for mitochondria. As 
a result, they exhibit polychromatophilia, and the bright red mitochon- 
dria are easily seen in the bluish or greenish red background. Partially 
decolorizing the sections with picric acid before applying the counter 
stain renders the pictures somewhat clearer. It is consequently felt 
that the acid fuchsin staining methods of Bensley applied to tissue 
fixed by the neutral liquor formaldehyd method of Regaud are adequate 
for the demonstration of mitochondria in young red blood cells. 

A careful study of quite a large series of well stained sections failed 
to reveal a single mitochondrial rod or granule in what could positively 
be identified as an erythrocyte. Occasional sections of hemoglobin 
containing cells were seen which contained a few mitochondria. It 
could not be determined positively that these were nut slices of nucleated 
red cells which did not include the nucleus. The normoblasts with small 
pyknotic nuclei, as a rule, contained no mitochondria, although in some 
of them a few small mitochondrial rods and granules were present. In 
the younger red blood cells with larger normal appearing nuclei and 
little or no hemoglobin, mitochondria could constantly be demonstrated. 
In these young cells, the mitochondria are quite small when compared 
with the coarse mitochondria of the embryonic liver cells, but are larger 
than the minute mitochondria of the giant cells of the bone marrow. 
They vary in form from granules to curved rods of moderate length, the 
predominating forms being the rather short rods. They are not very 
numerous and are scattered irregularly through the cytoplasm, no 
constant relation to the nucleus or cell membrane being noted. As the 
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hemoglobin increases in the cells and the nuclei become pyknotic, the 
mitochondria decrease in size and number and gradually disappear 
entirely. 

DISCUSSION 

That the presence of basophilic staining substance in erythrocytes 
is evidence of youth in the cells containing it is indicated by the facts 
that these cells are increased in states in which blood formation is 
stimulated by hemorrahge, etc., and decreased in states in which it is 
inhibited, not only in clinical states with decreased formation as in 
aplastic anemia, but also in experimental conditions as by repeated 
transfusions. The basophilic cells are present in increased numbers in 
embryonic blood and their percentage progressively decreases as the 
embryo approaches term. They are also present in large numbers in 
bone marrow and in embryonic livers where blood cell formation is in 
progress and the basophilic substance is demonstrable in nucleated red 
blood cells and can be seen to remain in the cell as the nucleus is being 
extruded. 

In erythrocytes fixed by liquor formaldehyd, ethyl or methyl alcohol 
or osmic vapor and stained with basic dyes, the basophilic substance 
appears as polychromatophilia and is diffuse in the cell, no formed 
particles being visible with the oil immersion lens. In erythrocytes 
stained supravitally with an appropriate basic dye, the basophilic sub- 
stance is seen as a definite formed reticulum within the erythocytes 
containing it and the cells do not stain diffusely with the dye used. In 
certain pathologic anemias a punctate basophilia is present. In this 
condition, after fixation of the blood cells by methyl alcohol, the baso- 
philic substance appears as discrete granules in the cells containing it. 
My observations on punctate basophilia have been very limited, but 
they lead to the belief that the granules are formed of the same basophilic 
substance which in simple anemias gives pictures of polychromatophilia, 
and that because of the pathologic process this substance is aggregated 
into small granules in the cell. 

In regard to the identity of polychromatophilia and reticulation in 
young erythrocytes the observation of Hawes" that the percentage 
of each form in specimens of the same blood subjected to the appropriate 
technics is roughly the same was confirmed. The observations of 
Schilling-Torgau *® on the so-called transition forms produced by first 
treating the blood with dilute alkali solutions or fixing in alcohol ether 
mixtures and then staining were confirmed. 

It is, however, to be noted that these forms can be interpreted as 
fragmented reticulum and that there is a distinct gap between them 
and true diffuse polychromatophilia. Similar fragmented forms of 
basophilic substance can be produced by subjecting the cells to heat, 
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various acids, or laking before staining supravitally. It is also noted 
that by simply drying the cells and then staining with a basic stain the 
reticulum is demonstrated in a fragmented form. The degree of 
fragmentation is roughly proportional to the thoroughness with which 
the smears are dried before staining. In partially dried smears stained 
supravitally all transitions between the fragmented forms and the true 
reticulum can be demonstrated in the same preparation. By varying 
the amount of fixation in different areas of the same smear with osmic 
acid or liquor formaldehyd vapor, it was found possible to demonstrate 
both fragmented reticulum and ploychromatophilia in the same smear 
and in certain polychromatophilic cells a few fragments of reticulum 
could be demonstrated. Consequently, there is little doubt that the two 
are different aspects of the same substance. 

The constancy with which the basophilic substance can be demon- 
strated under given conditions, and the fact that it can be seen in the 
laked cells without staining, prove that it is not a pure artefact due to 
the stain, but that it is a definite substance present in the cells containing 
it. However, the state in which this basophilic substance exists in the 
unaltered erythrocyte is unknown. It is obvious that either the diffuse 
polychromatophilia or the reticular net is due to the technic used. It 
has been noted above that with a stain which acts slowly (Janus green 
B) an irregular network is constantly observed, while with a stain 
which acts rapidly, such as brilliant cresyl blue or azur, in the great 
majority of reticulated cells of embryonic blood or of blood of rabbits 
rendered anemic by bleeding, the reticulum is present in the form of 
a mosslike wreath. It is further noted, that these two structures are 
different forms of the same substance. Thus, it appears possible for a 
supravital stain to determine the form in which the reticulum appears 
when stained. Also the reticulum when stained supravitally is fixed in 
the form in which it originally appears, and tends to persist in that form 
even though it be stained a second time with a stain which, when applied 
to the unaltered red cell, tends to bring out a reticulum of entirely 
different morphology. Likewise, the stained reticular net retains its 
original form when the cell is laked in distilled water or even when the 
cell membrane has been destroyed and the reticular net floats free 
in the surrounding medium. The same is true of cells stained supra- 
vitally which are dried on a slide or even fixed by alcohol, etc. The 
reticulum persists in the form in which it appeared in the supravital 
preparation. 

On the other hand, in the unaltered erythrocyte the reticular sub- 
stance has been shown to be very susceptible to reduction in osmotic 
pressure, being found collected in the central portion of the cell in 
hypotonic solutions which cause the cell to swell slightly. This suggests 
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that there is a certain amount of cohesion in the basophilic substance 
in the unaltered cell and that it is pushed inward by the water entering 
the cell from all sides. Then in the cells which are laked, the reticulum 
is found in definite fragments and masses which bear no resemblance 
to what one would expect to find if a preformed net had been broken up. 

It is observed that the laking of an erythrocyte is not a gradual 
passing out of the cell of the hemoglobin but that there is a definite 
threshold for the cell concerned and that when this threshold is passed 
the cell is suddenly and violently laked and most but not all of the 
hemoglobin passes out of the cell. That some hemoglobin remains in 
laked cells can easily be demonstrated by treating them with dilute 
nitric acid when the hemoglobin is precipitated as large granules and 
easily seen in the shadows. It is believed that some of the reticular 
substance passes out of the cell with the hemoglobin, and that the 
remainder being insoluble in water collects in the refractile masses 
which can be seen without staining or stained with any of the dyes 
which stain reticulum. 

In studying a fresh unstained preparation of anemic rabbit’s blood 
an observer can pick out certain cells which, because of their size anc 
color, seem to be young erythrocytes. These cells are slightly larger and 
slightly lighter in color than the surrounding cells. If the preparation 
is made with a very small drop of blood and pressed down so that the 
cells are actually flattened out it is possible to detect a slight difference 
in their structure from that of the normal erythrocytes. They are 
slightly more refractile. However, the difference is uniform throughout 
the cell and no formed masses of reticulum can be seen. Likewise, if the 
blood be examined in an isotonic medium with the ultramicroscope, it 
is not possible to see a reticulum in any of the erythrocytes. If an 
individual reticulated cell be watched carefully during the process of 
staining, the net can be seen to grow under the eye of the observer as 
though it were being formed by precipitation of substance from the 
surrounding medium. 

In erythrocytes fixed by alcohol, liquor formaldehyd or osnic acid 
vapor the basophilic substance is distributed uniformly through the cell. 
These fixatives tend to fix intracellular products in situ, and it is 
difficult to conceive of their causing a definite network to break up into 
ultramicroscopic particles and become uniformly distributed through the 
cell. If they dissolved the network, its substance would pass out of 
the cell into the surrounding medium. It is consequently felt that 
sufficient evidence is at hand to warrant the conclusion that the reticular 
network as seen in supravitally stained erythrocytes is formed during 
the process of staining, and that no such structure exists in the unaltered 
erythrocyte. The fragmented networks seen when smears are dried 
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and stained without fixing can be explained by the drying of the cells 
mechanically preventing formation of the typical mosslike wreath. 

The question next arises as to whether the diffuse basophilic sub- 
stance is present as a thin layer on the inner side of the cell membrane 
or is distributed uniformly through the hemoglobin containing part of 
the erythrocyte. As noted above, in certain instances where the con- _ 
centration of the surrounding medium has been raised very gradually 
by slow evaporation in ringed preparations the hemoglobin of some of 
the erythrocytes separates into two globules within the membrane. These 
globules may vary in size and resemble budding of the erythrocytes. 
In the bloods of two anemic patients who had undergone splenectomy 
some years before, this phenomenon was quite pronounced. What its 
significance is I do not know. However, when it occurs in supravitally 
stained reticulated cells the reticulum is present in the globules of 
hemoglobin and not in the clear space between them and the cell 
membrane. Also, in sections of tissue fixed in liquor formaldehyd 
bichromate and stained to bring out ploychromatophilia, it is not uncom- 
mon to find cross sections of erythrocytes. In these the polychromato- 
philia is uniform in the interior of the cell. It is consequently believed 
that the basophilic substance is uniformly distributed through the 
hemoglobin containing part of the erythrocyte and that, except in cases 
presenting punctate basophilia (stippling), its individual particles are 
so finely divided that they cannot be seen even with reflected light. 

In regard to the chromatic granules of the reticulum, I am very 
uncertain as to their nature. So far as I am aware they have not 
been mentioned in American literature, but are quite well known to 
European hematologists. Schilling-Torgau believes that they arise in 
a definite region of the young red cell. Pappenheim states that they are 
soluble in water and consequently believes them tg be lipoids. They 
stain red with brilliant cresyl blue or azur II, and hence stand out in 
sharp contrast to the purple or blue reticular net. However, they are 
rather difficult to stain in that one preparation may show them perfectly 
while the next half dozen preparations may show none at all. Azur II 
is the more reliable of the two stains for demonstrating them. In a 
good preparation, the chromatic granules appear as a variable number 
(from four to eight usually) of smail spherical red granules scattered 
irregularly through the basophilic wreath and are present in the great 
majority of the reticulated cells. 

The chromatic granules stain a little more slowly than the basophilic 
substance of the reticulum and then after from four to six hours 
slowly change color and cannot be differentiated positively from the rest 
of the reticulum as their morphology is not sufficient to identify them 
in the presence of the numerous small granules and masses of the net. 
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They apparently disappear from the cell, but careful watching leads to 
the belief that they change from red to purple and then in the azur II 
preparations to blue. In examining preparations stained with azur I, 
methylene blue, etc., it is felt that these same granules are present but 
are not stained differentially and cannot be identified positively. 

In laked cells they cannot be stained by any method with which I 


am familiar, and in cells which are stained and then laked they cannot 


be identified. However, this does not necessarily mean that they are 
soluble in water and pass out of the cell. It is just as reasonable to 
suppose that the substance is present but stains the same color as the rest 
of the reticular substance since they can be observed to assume this 
color gradually, even under the best of conditions. If they are lipoid 
granules, they should be quite highly refractile and easily seen in the 
unstained cell. But careful search with both transmitted and reflected 
light revealed no trace of them. Also fixation in osmic acid failed to 
bring them out. It is believed that their substance is diffuse in th¢ 
unaltered cell and that the granules are formed under the influence 
of the stain used. They were observed in nucleated red blood cells 
stained supravitally, but no evidence was seen which suggested that they 
arose in any special region of the cell. They were present in the 
reticulated erythrocytes of oxylated blood shed twenty-four hours 
previously and kept at room temperature. Hence they are not 
mitochondria. 

It is well known that the basophilic substance gradually disappears 
from the erythrocyte as maturity is approached. In anemic rabbits 
which are permitted to recover their normal blood picture this process 
can be followed in the circulating blood but I was not able to determine 
definitely whether the reticular substance degenerated in the cell, entered 
into the formation of the cell membrane or passed out of the cell as 
basophilic material. Instances were seen where particles of reticulum 
were clinging to the outer sides of cell membranes and this suggests 
that it passes out of the cell in its original finely divided form and 
that the reticular fragments are formed on the outside of the cell during 
the process of staining. 

On the other hand, the membrane of the mature erythrocyte is a 
very definite structure and is very different from the membrane of a 
young nucleated red cell. The membrane of the mature erythrocyte 
is thicker and less pliable. The membrane of the young nucleated cells 
appears to be hardly more than a limiting layer of the cell protoplasm. 
This membrane is formed as the cell matures, and it is possible that 
the basophilic substance enters into its formation. However, in the 
reticulated erythrocytes, where the reticular substance is most abundant, 
no difference can be made out microscopically between the membrane 
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and that of the mature erythrocytes. And it was shown that there is 
no constant difference in resistance to hypotonic salt solutions between 
the two types of cells. This indicates that the increased fragility of 
the erythrocytes seen in certain pathologic anemias is not due to the 
youthful cells in the blood but is due probably to some disturbance 
in the formation of the cell membrane. Another possibility is that 
there is a change in the plasma as it is shown that laking of erythro- 
cytes is due to a relative change in environment rather than the exposure 
to any definite strength of salt solution. For instance, cells accustomed 
to a 2 per cent. salt solution are laked in higher concentrations than are 
cells acev&tomed to a 1 per cent. salt solution. 

There is one very definite characteristic of the membrane of the 
young red cells which persists until after the reticular substance dis- 
appears from the cell. This is the stickiness of the outside of the 
membrane which causes reticulated cells to adhere to one another, to 
white cells, or to any object with which they are brought in contact, 
except mature erythrocytes. This tendency to agglutinate, or to adhere 
to other cells, offers a reasonable explanation of certain phenomena 
connected with the delivery of erythrocytes into the circulating blood. 
The young cells simply stick together where they are formed until the 
cell membrane is matured (apparently by a hardening of its surface) 
when the cell is delivered into the circulation. The theory of Bunting * 
and of Drinker * that the erythrocytes are forced into the circulation 
by the growth pressure of surrounding cells fails to account for the 
fact that, as a rule, only mature cells are delivered into the blood stream. 
This is explained by the fact that blood cells grow in nests with the 
mature cells on the periphery. However, a careful study of sections 
of active bone marrow leaves one unconvinced. A few nests are seen 
but nowhere is the arrangement so graded that pressure would deliver 
only the mature cells into the capillaries. The selection is apparently 
due to some inherent quality in the cell to be delivered. 

It is believed that blood forms in a bony case because here the cells 
can stick together without being disturbed by external forces. Nowhere 
else could such a mass of loose cells and capillaries with so little support- 
ing tissue exist. If pressure delivered the cells into the capillaries it is 
difficult to understand why the pressure, infinitesimal though it may be, 
does not simply collapse the very delicate capillaries where the blood 


is at very low pressure and in free communication with the blood stream 


39. Bunting, C. H.: The Regulation of the Red Blood Cell Supply. Con- 
tribution to Medical and Biological Research, dedicated to Sir Wm. Osler, 2:824 
Paul Hoeber, New York, 1919. 

40. Drinker, C. K.: Pathological Physiology of Blood Cell Formation and 
Blood Cell Destruction. Oxford System of Medicine 2:509. Oxford Press, 
New York, 1919. 
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outside the marrow. I believe that Bunting and Drinker are correct in 
their opinion that the blood of the marrow circulates in closed spaces. 
If it were true that the blood of the marrow lies in open spaces, then 
the property of the young cells to stick together would be a perfect 
explanation for the delivery of the mature erythrocytes. The mature 
cells would simply be washed out by the slow current as soon as they 
lost their power of agglutination. However, with closed capillaries 
it is necessary to assume that the endothelium, which at one place or 
another is in direct contact with all types of cells in the marrow, exerts 
a selective action and opens temporarily to admit the mature erythro- 
cytes with the firm nonadhesive membrane. Certainly nof enough 
ameboid activity can be present in an erythrocyte to explain the process. 
It is here that all theories must of necessity stop until we have more 
facts on the subject. Possibly growth pressure is a factor in the actual 
delivery of the cells into the blood stream. However, the selective 
delivery of the mature cells must be due to some intrinsic quality in 
the cell to be delivered. The character of the membrane is probably 
the determining factor. 

The stickiness of the membrane of young blood cells offers a 
reasonable explanation of the sudden disappearance of many of the 
young cells from the circulating blood after a crisis in which large 
numbers of young red cells suddenly appear and then disappear. The 


young cells simply adhere to the capillary walls in regions where the 
current is very slow. This theory has not yet been proved, but it is 
hoped that examination of the liver, spleen and bone marrow after a 


crisis will decide the matter. 

The minute translucent flagellae observed by Kite *' on erythrocytes 
in Ringer’s fluid can be seen in many cases in oxylated or fresh blood 
which is in a very slightly hypertonic medium. Kite apparently 
believed them to be living protoplasmic processes and observed 
erythrocytes which seemed to be actually swimming. These processes 
are best seen with reflected light in the dark field but it is possible to 
see them in transmitted light as they are slightly refractile. All tran- 
sitions can be traced between the flagellae, small spicules and actual 
crenation. From the tendency of the fragmented reticular substance 
to adhere to the inside of the membrane in laked cells, it is believed 
that the inside of the membrane is covered with a semifluid layer. 
Under the influence of slightly increased osmotic pressure this substance 
may protrude in minute hairlike processes which, because of surface 
tension phenomena, may wave violently about in the surrounding 


41. Kite, G. L.: Some Structural Transformations of the Blood Cells of 
Vertebrates, J. Infect. Dis. 15:319, 1914. 
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medium. Their movements are not coordinated and in no sense 
resemble those of living flagellae. They may retract or break off 
from the cell. 

It is believed that the hemoglobin part of the erythrocyte is in the 
state of a hydrophilic gel. The elasticity of the cell, as a whole, 
which yields to pressure and immediately returns to its original shape 
when the pressure is released, conforms to this view. Also the 
formation of vacuoles in the cell, the occasional formation of globules 
by the hemoglobin containing portion and the fact that in unlaked cells 
in which the reticular aggregates are being slowly formed under the 
influence of a supravital stain (Janus green B) the separate particles 
are stationary in the cell, and the behavior of the reticular substance 
under the influence of the hypotonic solutions which do not lake the 
cell, point to a gel rather than to a sol state. When the cell is laked 
and water enters the cell, the gel is converted into a sol and particles 
of reticular substance move freely about in the cell and no vacuoles 
or globules are seen. Unlaked cells which are crenated tend to remain 
crenated as long as they are subjected to the increased osmotic pressure 
but laked cells under the same conditions tend either not to crenate 
or to slowly resume their spherical contour. It is believed that the 
physical state of the cellular contents as well as the increased permea- 
bility of the membrane of the laked cell has something to do with this 
behavior. It was not found possible to demonstrate any formed 
structure in the mature erythrocytes. It is believed that the basophilic 
substance of young erythrocytes is uniformly distributed through the 
hemoglobin containing gel. The fact that erythrocytes can be cut across 
with a fine needle without permitting the escape of the contents can 
be explained by the fact that the semifluid sticky layer on the inner 
surface of the cell membrane would tend to seal the cut and cause 
the edges to stick together. 

Among the characteristics of chromatin noted by Halliburton * 
and in Lee’s Microtomists Vade Mecum are that it stains specifically 
with methyl green, dissolves in strong hydrochloric acid, and swells 
and loses its ability to stain when treated with strong sodium chlorid 
solution. McCallum noted that chromatin always gives a positive 
iron reaction. The reticular substance does not stain with methyl 
green, can be stained after remaining for twenty-four hours in 10 
per cent. sodium chlorid solution, and is resistant to strong hydrochlorid 
acid, It does not give a positive reaction for iron, either by the Prussian 
blue or the ammonium sulphid method. It is further distinguished 
from the nucleus by the fact that it is stained differentially from the 


42. Halliburton, W. D.: The Chemical Physiology of the Cell. Brit. M. J. 
1:501, 572, 627, 1893. 
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nucleus by Janus green B, azur I, thionin, Unna’s alkaline methylene 
blue, and toluidin blue. It is consequently believed that the reticular 
substance is of cytoplasmic origin. 

The persistence of reticular substance in the cells in an unchanged 
form for days after the blood has been shed, its resistance to heat, to 
solution by water, acetic, nitric hydrochloric, oxalic and other acids, 
alcohol, ether and chloroform, its morphology, and its staining char- 
acteristics when treated with various basic dyes prove conclusively that 
it is not of mitochondrial nature, though it can be demonstrated in 
fragmented form by certain mitochondrial technic. 

- Pappenheim, on a basis of differential staining divides the cell 
into a nucleus, consisting of chromatin and parachromatin; and 
protoplasm, consisting of spongioplasm and paraplasm. The paraplasm 
is the true parenchyma of the cell and forms the secretion granules and 
specific cellular products such as hemoglobin. The spongioplasm is the 
inert cytoreticulum. On the basis of his differential staining methods 
he concludes that the basophilic (reticular) substance is of spongioplas- 
matic nature. His observations, as regards the staining characteristics 
of the reticulum were in the main confirmed by the author. 

The fact that the reticular substance only appears in the cell after 
the hemoglobin has been formed also suggests that it is the less active 

‘part of the protoplasm and has nothing to do with the formation of the 
hemoglobin. Apparently, the hemoglobin as it is formed gradually 
replaces the active paraplasm permitting the inactive reticular substar-e 
to be separated out in such a manner that it can be precipitated in the 
form of a reticular net by the action of certain supravital stains. In 
the unaltered cell it is distributed through the homogenous gel in 
particles beyond the limits of microscopic vision. 

As the hemoglobin accumulates the cell becomes senile. This is 
indicated by the increased density of the nucleus which becomes pyknutic 
before it is extruded. The increased potassium reaction of the reticulated 
cells suggests that the reticular substance is senile protoplasm since 
McCallum has noted that senile and degenerating cells give a strong- 
potassium reaction. Mitochondria are characteristic of living proto- 
plasm and disappear after the death of the cell. In young blood cells 
which contain little or no hemoglobin and a rather large pale nucleus, 
mitochondria can be demonstrated constantly. In normoblasts 
containing much hemoglobin and a small pyknotic nucleus only a few 
minute mitochondrial granules or none at all could be seen. In 
erythrocytes no mitochondria were seen. The mitochondria apparently 
disappear from red blood cells pari passu with the appearance of the 


hemoglobin. 
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I do not believe that mitochondria are transformed into hemoglobin. 
It is more reasonable to believe that granules common to practically 
every type of living cell have some general function common to all 
living protoplasm and that they do not enter directly into the formation 
of the specific product of the cell concerned. They probably play a 
part in the general metabolism of protoplasm. Their disappearance 
from the red blood cells is explained on the assumption that the 
hemoglobin actually replaces the protoplasm in the cell. It is objected 
that cells containing hemoglobin can be observed in various stages 
of mitosis. It is felt that here the replacement of the protoplasm has 
not been completed and that the division is in the nature of an agonal 
phenomenon. As a result of this division of a hemoglobin containing 
cell, the remaining protoplasm may become rejuvenated and form two 
daughter cells younger in type and containing proportionately less 
hemoglobin and more protoplasm and capable of further growth and 
proliferation. Or the tendency to differentiation and formation of 
hemoglobin may predominate and the nuclei become pyknotic, and are 
cast off, the cell membrane thickens, the protoplasm disappears, and 
the erythrocyte is formed. The need of the organism for erythrocytes 
probably has some influence on which of the above possibilities occurs 
in a given instance as well as the rapidity with which proliferation 
takes place. 

The mature erythrocyte is the end stage of the process. It contains 
no nucleus and no evidence was seen which suggested that it contains 
any living protoplasm. The reticular substance of the young erythro- 
cyte is believed to be the renmant of the protoplasm. Harrop’s * 
observation that the normal mature human erythrocytes have no oxygen 
consumption measurable by present methods and that blood containing 
abnormal numbers of reticulated cells has an oxygen consumption 
proportional to the percentage of reticulated cells present is of interest 
here as it indicates that the erythrocyte contains living protoplasm after 
the nucleus is cast off. This is probably represented by the reticular 
substance which eventually disappears as the erythrocyte matures. The 
mature erythrocyte is apparently an envelope of complex structure 
containing hemoglobin distributed through a homogenous hydrophilic gel. 

Clinically, the study of the mitochondria of the erythrocytes as an 
indicator of blood regeneration is not to be recommended because it 
has not yet been adequately demonstrated that they are ever present 
after the nucleus leaves the cell, though in rare instances it is possible 
that a few mitochondria may persist even in the erythrocyte. 


43. Harrop: Oxygen Consumption of Human Erythrocytes. Arch. Int. Med 
23:745 (June) 1919. 
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The study of the reticulated cells is recommended as a reliable 
indicator of the presence of young cells in the circulating blood. Since 
I have observed that the form of the reticulum varies in pathologic 
anemias and in anemias due to hemorrhage, it is felt that a careful study 
of the morphology of the reticulum in the various types of anemias may 
be of some value clinically. 

Janus green B is not a specific stain for mitochondria in young 
erythrocytes because it stains the reticular substance in these cells. It is 
not so reliable a stain for reticular substance as brilliant cresyl blue or 
azur I or II. It is of value in certain cases in which the erythrocytes 
contain nuclear fragments, as in an hour or so these are stained pink 
and can then be differentiated from the green reticular substance 
present in the same cells. 

Since this work was completed, an article by Cowdry** on the 
reticular material in developing blood cells has been published. It is 
to be noted that the reticular material’ studied by Cowdry is entirely 
different from the reticulum seen in supravitally stained erythrocytes. 
It has been described in many types of cells and is variously known as 
trophospongium, canalicular apparatus, reticular apparatus, etc., and, 
as Cowdry states, it probably represents areas of increased fluidity 
in the ground substance of living protoplasm. It is not seen in 
unstained or supravitally stained cells and is brought out as a reticulum 
by impregnation with osmic acid*or silver nitrate, and as intracellular 
canaliculi by staining the more dense portions of the specially fixed 
cytoplasm of nearly all living cells. Cowdry was not able to demon- 
strate it in erythrocytes. 

It is believed that Cowdry’s failure to demonstrate this substance in 
erythrocytes is explained on the theory that mature erythrocytes have 
lost their cytoplasm and are not living cells and that young erythrocytes 
have lost all of their cytoplasm except the relatively inert basophilic 
substance and are dying cells. So far as I am aware this basophilic 
substance does not appear in any other cells in the body. But in 
no other cells is the nucleus lost and the protoplasm gradually replaced 
by a chemical substance (hemoglobin). The term reticular substance 
was used in this article because the basophilic substance is so generally 
referred to as reticulum. Basophilic substance is a much better term 
because it is shown that the reticulum of erythrocytes is formed during 
the process of staining and is due to the action of the stain on a 


basophilic substance distributed uniformly through the cell. 


44. Cowdry, E. V.: The Reticular Material of Developing Blood Cells. 
J. Exper. M. 38:1, 1921. 
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CONCLUSIONS 

1. Young erythrocytes differ from mature erythrocytes in that 
they have a lower specific gravity and tend to agglutinate or adhere 
to foreign subjects. 

2. The basophilic substance is characteristic of young erythrocytes. 
In the unaltered erythrocyte it is distributed uniformly through the 
hemoglobin containing part of the red blood cell, and when fixed and 
stained gives pictures of polychromatophilia. 

3. The reticulum is formed by the union of this basophilic substance 
with the supravital stain and its morphology varies with the stain used. 

4. The basophilic substance is not of nuclear origin. It is a 
protoplasmic constituent but is not of mitochondrial nature. 

5. Janus green B, used as a supravital stain, stains the basophilic 
substance of young erythrocytes in the form of an irregular net. 

6. {he presence of mitochondria in young erythrocytes has not been 
satisfactorily demonstrated. 

7. Cytologically, the mature erythrocyte is not a living cell. The 
hemoglobin is contained in a hydrophilic gel which is surrounded by a 
definite membrane. 
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UNCINARIAL NEPHRITIS* 


ROJAS, M.D. 
AND 
J. TANCA MORENGO, M.D. 


GUAYAQUIL, ECUADOR, 5S. A. 


INTRODUCTION 


It has long been recognized that anemia and dropsy are common 
symptoms of the more severe forms of uncinariasis, and edema is 
usually a prominent feature in fatal cases. Subcutaneous edema, ascites, 
hydrothorax, and hydropericardium are commonly found, and a general 
anasarca sometimes occurs. It has been impossible to establish the 
relation between the presence of hookworms in the intestines and the 
nephritis suggested by the above symptoms by means of the limited 
methods of investigation heretofore employed; but albumin, casts, 
leukocytes and injured epithelial cells have been found in the urine, 
and typical lesions of chronic parenchymatous nephritis have been found 
at necropsy in patients who have died in an edematous state. 

The present study was undertaken to determine whether patients 
suffering from uncinariasis, and exhibiting edema, have any constant 
disturbance of renal excretory function, and whether this function 
is improved after anthelmintic medication. It had already been observed 
that, as a rule, the general health of the patient improves as soon as the 
parasites have been expelled, and that edema and anemia soon disappear. 
It is known that at least certain of the symptoms may be reproduced in 
animals by the injection of an emulsion of the heads of hookworms, 
or of the urine of individuals infested with the parasites. If any 
derangement of renal excretory function is present, it is probably due 
to toxic substances generated by the hookworms, and we should expect 
to find a normal or improved function after the parasites have left 
the body. 

For the purposes of the present study, application has been made 
of the most recent knowledge concerning renal excretory function. 
The results of the study contribute support to the hypothesis that there is 
a form of nephritis due to hookworm infecticn, and that recovery from 
the infection is followed by recovery from nephritis. 


*(From the Laboratories of the General Hospital and the University of 


Guayaquil.) 
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The analysis of the following cases supports the findings of Ambard, 
Widal and Weill concerning the chlorid threshold in nephritis with 
chlorid retention. 


METHOD OF STUDY 


1. On the day of entering the hospital, samples of blood and urine 
of each patient were obtained in the usual manner to determine the 
Ambard’s coefficient and the urea index. The sample of urine was also 
examined for albumin, casts, leukocytes and sugar. Blood viscosity and 
systolic and diastolic pressure were also noted. (phthalmoscopic 
examination was made at the same time. 

2. Salt poor diet (sodium chlorid, 2 gm. daily), rest. 

3. When a balance between the chlorid intake (2 gm.) and output 
was obtained, full doses of digitalin and theobromin were administered 
in the hope of lowering the chlorid threshold below the point reached 
on the salt poor diet with rest. At this time, a red cell count was made, 
and the Ambard’s coefficient and urea index were again determined. 

4. Sodium chlorid, 10 gm. daily, was administered, and the chlorid 
excretion was followed. If the added chlorid was excreted with normal 
rhythm, 20 gm. was administered daily and the excretion was followed. 
The weight of the patient was observed. 

5. Anthelmintic treatment. The indication for discontinuing the 
treatment was the reduction of the hookworms in the fecal matter to 
a very small number. 

6. Red cell count and the study of the urea coefficients on a salt poor 
balance. 

7. The same as No. 4, plus the determination of the urea coefficients 
and an ophthalmoscopic examination. 

Occasional doses of quinin were given during the time required 
for the study of each patient, as they had all been suffering irom malarial 
fever before entering the hospital. 

In the quantitative examination of the urea, the hypobromite 
method recommended by Ambard has been employed. 

For plasma chlorids, an application of the Volhard principle made by 
Rappleye * was selected; this method has been effective in the hands 
of Van Slyke.* 

Blood tests for syphilis were made with the homohemolytic system 
of Noguchi.‘ 


twenty-four hour periods in order to estimate the total excretion of sodium 
chlorid, to study the staircase rhythm and to compare the functional coefficients 
at the different rates of chlorid excretion. 

2. Rappleye, W. C.: J. Biol. Chem 35:509, 1918, 

3. Van Slyke, D. D., and Donleavy, J. J.: J. Biol. Chem. 37:551, 1919. 

4. Noguchi, H.: J. A. M. A. 70:1157 ( April 20) 1918; J. Exper. M. 28:43, 1918. 
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The formulas used for calculating the urea coefficients were those 
given by Ambard and by McLean in their original contributions : 


For urea 
Ur : 
= = Dx VEX 89% _ | 
ox 7m. [Cc We x (Ur)? 
Pp ‘ 
Standard normal K=0,07 


For chlorids: 


Excess over the threshold _ 


70 - 
ox LEAL 
Standard normal K ( NaCl) =0.11 

Threshold= Plasma NaCl—Excess over the threshold 


Excess over the threshold =K (0.11) x J 70 i 
DX Wr * 14 
(McLean) 





Threshold= Plasma NaCl— D xX _ VC 


Wt X #423 

From a tota of nine cases studied in the present work only two 
are taken for detailed discussion, although several of the others are 
summarized. As a matter of fact, the same disturbance of the kidneys 
was noted in every instance, and the slight variations observed were 
of minor importance and merely confirm the evidence of uncinarial 
nephritis and its disappearance as a result of the expulsion of the 
hookworms. 

Special attention is demanded by the fact that a higher rate of 
chlorid excretion is obtained after a few days of treatment in anemic 
subjects who had previously exhibited a chlorid excretion insufficient 
to maintain a balance, without abnormal retention, even on the minimal 
intake of sodium chlorid necessary for a normal alimentation. 


REPORT OF CASES 


Case 1 (9).—L. L., man, aged 24, was admitted to the hospital Feb. 18, 1920, 
with a diagnosis of uncinariasis. He had lived twenty months in an uncinarial 
zone. During the last six months he complained of dizziness, vomiting of 
mucus in the morning, cramps in the legs, dyspnea on exertion, nocturnal 
pollakiuria, disorders of the vision, and ringing in the ears. 

Examination.—Noticeable pallor of the skin, edema of the face and feet; 
radial pulse 108; systolic murmur at base of heart; slight edema of optic 
papillae. The urine showed a trace of albumin and many finely and coarsely 
granular, cellular and hyalin casts, leukocytes, no sugar. Table 1 gives the 
urinary findings. 

Case 2 (8).—C. A. Z., man, aged 39, was admitted to the hospital Feb. 18, 
1920, with a diagnosis of uncinariasis. He had lived twenty-four years in an 
uncinarial zone. Anemia, dizziness and headache, cramps in the legs, nocturnal 
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pollakiuria, transitory edema of the eyelids and malleolus were the symptoms 
present some years ago. This man had previously entered the hospital com- 
plaining of uncinarial anasarca, but he had recovered under anthelmintic therapy. 
At the present time, marked anemia and slight edema of the feet and legs were 
noted ; radial pulse 84; papillary edema and congestion in the ocular fundi, The 
urine showed the same findings as in Case 1. 


Since Cases 1 and 2 are similar, they will be discussed together. 
From the investigations made by Ambard, Widal and Weill,’ it is 
known that the same general laws apply to the excretion of urea and 
of sodium chlorid, but with the important difference that there is a 


TABLE 1.—Urinary Finpincs 1n Case 1* 
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* Medication: Feb. 24, digitalin, 0.0006 gm.; Feb. 24, theobromin, 2.5 gm.; from March 4 
to 21, thymol, 12 gm. 
April 1, fever, with temperature 40.2 C.; it was not possible to complete intake. 


threshold for chlorid excretion. If the concentration in the plasma 
falls to a value below the threshold, the excretion of chlorid practically 
ceases; therefore, it is the sodium chlorid above the threshold which 
determines the rate of excretion, in accordance with those laws that 
hold in the case of urea. A greater excess over the threshold means 
a correspondingly greater rate of excretion. 


5. Widal, F., and Javal, A.: Compt. rend. Soc. de biol. §7:301, 1904; Ambard, 
L., and Weill, A.: Semaine méd. 32:217, 1912; Widal, F.. Ambard, L., and 
Weill, A.: Semaine méd. 32:361, 1912: Ambard, L., and Chabanier, H.: Arch. 
urol. clin. de Necker, 1:248, 1913. 
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The excess over the threshold can be increased by the following 
changes: By the lowering of the threshold, by the elevation of the 
actual plasma sodium chlorid, or by the fall of the threshold and the 
elevation of the actual plasma sodium chlorid at the same time. In 
certain cases an increase in the excess above the threshold occurs in 
spite of a decrease in the actual plasma sodium chlorid as the result 
of an even greater fall of the threshold. Indeed, the characteristic of 
normal kidneys is their capacity to move the threshold and actual plasma 
chlorid values in an effective manner to maintain in equilibrium the 
intake and output of chlorid without abnormal retention. 


TABLE 2.—Urinary Finpincs in Case 2* 
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* Medication: Feb. 22, digitalin, 0.0006 gm.; Feb. 2, theobromin, 2 gm.; from March 4 to 
14, thymol, 9 gm. 





On the contrary, the renal incapacity to excrete chlorid would 
result from an abnormal and permanent elevation of the threshold and 
the impossibility of lowering it to within normal limits in order to 
increase the excess above the threshold and to induce a sufficient rate 
of excretion to balance chlorid ingestion. For it is not possible for 
the actual plasma sodium chlorid to rise above certain invariable limits. 
For instance, an individual in whom the greatest excess over the 
threshold is capable of generating only a rate of excretion of 10 gm. 
sodium chlorid, if the ingestion be increased to 20 or 30 gm., will exhibit 








Fig. 1—Graphic representation of data in Table 1. 
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a retention of 10 or 20 gm., since the threshold cannot be lowered 
further. Furthermore, the concentration in the blood and the rate 
of excretion of urea and of chlorids depends not only on the ingestion 
of nitrogen or chlorid, but also on the balance between the ingestion 
and elimination of fluids. 

With this basis established, together with the graphic and tabular 
presentation of two of the nine cases studied in the present work, 
it is not necessary to enter into a longer discussion. A marked insuf- 
ficiency of chlorid excretion is demonstrated in these patients, which 
in certain instances is associated with a disturbance of urea excretion. 

In Case 1, when infected by hookworms, there is shown a normal 
rhythm of retention of sodium chlorid; but the failure of the kidneys 
when exhibiting a rate of excretion of 13 gm. sodium chlorid, is shown 
by the high values of the threshold and of the actual plasma sodium 
chlorid. The same subject, after treatment, excreted at a similar rate, 
12 gm. sodium chlorid, stimulated only by a threshold and actual plasma 
sodium chlorid of 5.453 and 5.760. After treatment a rate of excretion 
of 195 gm. was obtained by means of a rise to 6.370 gm. of the actual 
plasma sodium chlorid and the remarkable fall of the threshold to an 
unusual level, 3.82 gm. 

In Case 2, when infected by hookworms, there is demonstrated an 
abnormal rhythm of retention and high values of the threshold and 


actual plasma sodium chlorid which induce, however, only a rate of 
excretion of 12 gm. sodium chlorid; while after the expulsion of the 
hookworms, a higher rate of excretion was obtained with a simultaneous 
fall in the values of the threshold and actual plasma sodium chlorid. 


Case 3 (7).—J. A. R., man, aged 23, was admitted to the hospital Feb. 18, 
1920, with a diagnosis of uncinariasis. He had lived five years in an uncinarial 
zone. Symptoms which had lasted several months were: cramps in the legs, 
ringing in the ears, nausea and vomiting of a bitter and salty fluid in the 
morning, headache. 

Examination.—Revealed noticeable pallor of the skin and conjunctiva; 
edema of the face and feet; radial pulse 120; systolic murmurs at the apex of the 
heart; enlarged spleen; edema of the optic papillae. In the urine were the 
same findings as those described in previous cases. 

February 18: Ambard’s coefficient 0.076; actual plasma sodium chlorid, 6.44 
gm., threshold, 5.94 gm.; rate of excretion, 12.14 gm. 

February 23: Ambard’s coefficient 0.083; actual plasma sodium chlorid, 6.32 
gm.; threshold, 6.06 gm.; sodium chlorid per twenty-four hours, 3.36 gm.; 
red blood cells, per c.mm., 1,500,000; blood pressure: systolic 110, diastolic 45; 
blood viscosity 2.1. 

Medication—February 22: Digitalin, 0.0004 gm., theobromin, 1.50 gm. From 
March 5 to 16, 9 gm. thymol in three doses. 

March 18: Ambard’s coefficient, 0,074; actual plasma sodium chlorid, 6.16 
gm.; threshold, 6.01 gm.; sodium chlorid per twenty-four hours, 3.27 gm.; 
blood pressure: systolic, 106, diastolic, 68; blood viscosity 2.4. 
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Fig. 2.—Graphic representation of data in Table 2. 
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March 28: Ambard’s coefficient, 0.075; actual plasma sodium chlorid, 6.01 
gm.; threshold, 5.44 gm.; rate of excretion, 17.95 gm.; red blood cells per c.mm., 
1,500,000; blood pressure: systolic, 104, diastolic, 58; abnormal rhythm of reten- 
tion on 10 gm, sodium chlorid before treatment; normal rhythm of retention 
on 10 and 20 gm. sodium chlorid after treatment. 

Case 4 (6).—S. H., boy, farmer, aged 17, was admitted to the hospital 
February 16, with a diagnosis of uncinariasis. He had been resident three 
years in an uncinarial zone. Chilliness, headache, nausea and vomiting, dizziness, 
ringing in the ears, edema of the face and lower extremities were the symptoms. 

Examination.—Severe anemia; radial pulse, 108; systolic murmurs at base of 
heart; pollakiuria; enlarged spleen; trace of edema in optic papillae. In the 
urine were albumin and casts as described in previous cases. 

February 16 (day of entering hospital): Ambard’s coefficient, 0.066; actual 
plasma sodium chlorid, 6.55 gm.; threshold, 5.94; sodium chlorid per twenty-four 
hours, 21.19 gm.; blood pressure: systolic, 115, diastolic, 55; blood viscosity, 1.9. 

February 24: Ambard’s coefficient, 0.066; actual plasma sodium chlorid, 6.35 
gm.; threshold, 5.98 gm.; sodium chlorid per twenty-four hours, 9.97 gm.; 
blood pressure: systolic, 108, diastolic, 50; red blood cells per c.mm., 1,020,000. 

Medication—February 23: Digitalin, 0.0004 gm.; theobromin, 1.50 gm.; 
thymol, 9 gm. in three doses. 

March 24: Ambard’s coefficient 0.070; actual plasma sodium chlorid, 5.66 
gm.; threshold, 5.24 gm.; sodium chlorid per twenty-four hours, 8.91 gm.; 
blood pressure: systolic 96, diastolic 54; red blood cells per c.mm., 1,490,000; 
blood viscosity, 3.5. 

March 27: Ambard’s coefficient, 0.061; actual plasma sodium chlorid, 6.01 
gm.; threshold, 5.31 gm.; rate of excretion, 31.51 gm.; blood pressure: systolic, 
100, diastolic, 76; sodium chlorid excretion obtained on salt poor diet with 
rest, 22.50 gm.; normal rhythm of retention on 10 gm. sodium chlorid, abnormal 
rhythm of retention on 20 gm. sodium chlorid. 

Case 5 (5).—R. Z., man, farmer, aged 25 years, was admitted to the hospital 
February 6. He had been resident twelve years in an uncinarial zone. He 
complained of dizziness, general weakness, ringing in the ears, and dyspnea 
on exertion during the last year, severe anemia, nausea and vomiting. 

Examination—Systolic murmur at base of heart, radial pulse 108 and oliguria. 
In the urine were the same findings as in the foregoing cases. (The study of 
this case was incomplete owing to the departure of the patient.) 

February 6: Ambard’s coefficient, 0.140; acutal plasma sodium chlorid, 6.40 
gm.; threshold, 5.95; sodium chlorid per twenty-four hours, 352 gm.; blood 
pressure: systolic, 110, diastolic, 60; red blood cells per c.mm., 1,980,000; blood 
viscosity, 2.6. 

Medication.—Thymol, 9 gm. in three doses. 

March 3: Ambard’s coefficient, 0.090; actual plasma sodium chlorid, 6.19 
gm.; threshold, 5.71 gm.; sodium chlorid per twenty-four hours, 8.21 gm.; blood 
pressure: systolic, 108, diastolic, 66; blood viscosity, 3.1; red blood cells per 
c.mm., 2,260,000. This patient showed an abnormal rhythm of retention on 
10 gm, sodium chlorid. 

Case 6 (4).—A. V., man, farmer, aged 21, was admitted to the hospital 
January 29. Resident seven years in uncinarial zone. For one year previous 
he had complained of headache, ringing in the ears, anemia. Edema appeared 
in the last four months which increased to anasarca with marked anemia, 
chilliness, nausea and vomiting, dizziness; mentality was subnormal, he was 
insensitive to slight stimuli, Papillary edema of both optic nerves. In the 
urine were the same findings as previously described. 

Salt poor diet and rest caused an excretion of 221.93 gm. sodium chlorid 
and a loss of weight of 10.88 kg. After anthelmintic treatment he was able to 
excrete enormous amounts of salt without discomfort. 
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January 29: Ambard’s coefficient, 0.130; actual plasma sodium chlorid, 6.20 
gm.; threshold, 5.55 gm.; rate of excretion, 8.85 gm.; blood pressure: systolic. 
110, diastolic, 50; blood viscosity, 2.3. 

Medication.—February 14: Digitalin, 0.0004 gm.; theobromin 1.50 gm 

February 15, digitalin, 0.0004 gm. 

February 15: Ambard’s coefficient, 0.086; actual plasma sodium chlorid, 6.22 
gm.; threshold, 5.91 gm.; rate of excretion, 4.89; blood pressure: systolic, 100, 
diastolic, 55; blood viscosity, 2.5; red blood cells per cmm. 1,400,000, 

Medication.—Thymol, 9 gm. in three doses. 

March 14: Ambard’s coefficient, 0.083; actual plasma sodium chlorid, 6.10 
gm.; threshold, 5.22 gm.; rate of excretion, 25.33 gm.; blood pressure: systolic, 
96, diastolic, 56; blood viscosity, 3.1; red blood cells per cmm. 1,480,000, 

March 20: Ambard’s coefficient, 0.071 (25 gm. of urea added to diet) ; actual 
plasma sodium chlorid, 6.02 gm.; threshold, 5.26 gm.; rate of excretion, 26.07 
gm.; blood pressure: systolic, 104, diastolic, 52; blood viscosity, 4; red blood 
cells per cmm., 1,940,000. 

March 21: Ambard’s coefficient, 0.081; actual plasma sodium chlorid, 6.12 
gm.; threshold, 4.79 gm.; rate of excretion, 60.91 gm.; blood pressure: systolic, 
104, diastolic, 52; blood viscosity, 3.9. 

Retention of 221.93 gm. sodium chlorid. Normal rhythm of retention on 10 
gm. sodium chlorid before treatment. Abnormal rhythm of retention on 20 
gm. sodium chlorid before treatment. After anthelmintic therapy it was 
possible to obtain a normal rhythm of retention even on 57 gm. sodium chlorid. 


In the other three cases, the same results were obtained. Case 7 (3) 
was a syphilitic man to whom mercuric cyanid was administered during 
the time required for observation, after which there was still a weakly 
positive Noguchi test in the blood. No patient showed edema in the 
optic papillae after treatment. 

That thymol and sodium sulphate are not the direct cause of the 
fall in the values of plasma sodium chlorid and of the threshold is 
demonstrated in the following observations made in a normal subject: 


1. March 9, 1920; Ambard’s coefficient, 0.066; actual plasma sodium chlorid, 
5.89 gm.; threshold, 5.50 gm.; rate of excretion, 24.85 gm.; sodium chlorid per 
liter of urine (concentration), 3.50 gm.; blood pressure: systolic, 118, diastolic, 
64; blood viscosity, 4.8. 

Medication—March 10, 1920: Thymol, 4 gm.; sodium sulphate, 120 gm. 

2. March 11, 1920: Ambard’s coefficient, 0.060 (urea ingestion 25 gm.) ; 
actual plasma sodium chlorid, 5.92 gm.; threshold, 5.44 gm.; rate of excretion, 
sodium chlorid, 25.49 gm.; (concentration sodium chlorid, 12.10 gm.); blood 
pressure: systolic, 116, diastolic, 70; blood viscosity, 5.2. 

Threshold 2 is lower than Threshold 1 owing to the higher concentration of 
sodium chlorid in the urine, since the rate of excretion is approximately the 
same. Rate of excretion Threshold 2 calculated with concentration Threshold 
1 gives 0.38 as the excess, which is the same as the excess for Threshold 1; 
so calculated the Threshold for Threshold 2 would be 5.54 gm 


CONCLUSIONS 


In the nine subjects studied, hookworm infection caused nephritis 
with chlorid retention. The index of urea excretion was low in three 


cases. 





560 ARCHIVES OF INTERNAL MEDICINE 


The return to normal took place as soon as anthelmintic therapy 
expelled the hookworms; although the red cell count was still low. 

The etiology of this nephritis is the infection by hookworms; its 
pathogenesis remains unknown.°® 


6. Additional bibliography not specifically mentioned in text: Chabanier, H., 
and Lobo-Onell, C.: Arch. urol. clin. de Necker, 1:235, 1913; Legueu, F., Ambard, 
L., and Chabanier, H.: Arch urol. clin de Necker, 1:275, 1913; Peabody, F. W.: 
J. Exper. M. 17:71, 1913; McLean, F. C., and Selling, L.: J. Biol. Chem. 19:31, 
1914; McLean, F. C.: J. Exper. M. 22:212, 366, 1915; J. Exper. M. 26:181, 1917; 
J. A. M. A. 66:415 (Feb. 5) 1916; J. A. M. A. 69:437 (Aug. 11) 1917; Ambard, 
L.: Physiologie normale et pathologique des reins, Paris, 1914, Ed. 2, 1920; 
Castaigne, J.: J. méd. franc, 8:441, 1919; Ashford, Bailey K., and Gutierrez 
Igaravidez, P.: Uncinariasis in Porto Rico, Washington, 1911, Gov’t Printg. Off., 
Senate Document, No. 808. 





COMPARATIVE STUDIES IN THE CHEMISTRY OF 
BLOOD AND CEREBROSPINAL FLUID* 


GRETE EGERER-SEHAM, Pu.D., anp C. E. NIXON, MLD. 


MINNEAPOLIS 


Chemistry plays an ever-increasing role in the practice of medicine ; 
in the field of metabolism it is the alpha and omega. Medical chemistry 
deals largely with studies of body fluids and gases. The urine, because 
of its accessibility, was the first to be subjected to investigation, while 
the cerebrospinal fluid, because of its inaccessibility, has received rela- 
tively little attention to date. 

Although chemical changes undoubtedly do accompany infectious 
and protozoal diseases, the paucity of information concerning the nature 
of chemical changes in infections, and the complex nature of the proteins 
themselves, have barred, to a large extent, direct chemical approach 
to the study of infection. As a result, progress has come along other 
and indirect lines, namely, through the development of immunology. 

Because of the frequent involvement of the central nervous system 
in syphilis, and because of the relatively simple chemical character of 


cerebrospinal fluid, it would appear probable that chemical studies of 
this fluid in syphilis would yield facts of diagnostic significance. To date 
the chemical studies resulting in information of clinical significance have 
been largely relating to the globulin content and to substances affecting 


the colloidal gold curve. 

Since the cerebrospinal fluid ultimately is derived from blood, it is 
important to determine the mechanism of its production, that is, whether 
by filtration or active secretion. In any event, it is certain that marked 
changes in the content of the blood are reflected to a greater or lesser 
degree in the cerebrospinal fluid. On the other hand, it is apparent 
that diseases of the structures concerned in the formation and fate of 
the cerebrospinal fluid may bring about changes in its chemical constitu- 
tion and a disturbance in normal chemical relationship of the blood and 
cerebrospinal fluid. It would seem not unlikely that various diseases 
with predilection for certain structures and regions of the central 
nervous system should show more or less characteristic disturbances 
in the normal relationship of these fluids. 


*From the Department of Medicine, The Medical School, University of 
Minnesota. 

* This investigation was carried on under a grant from the Interdepart- 
mental Social Hygiene Board and under the direction of Dr. L. G. Rowntree. 
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Accordingly, quantitative studies were made, as far as possible in 
the same individuals, of the acid base equilibrium, of sugar, urea, 
creatinin content, and enzymatic activity of blood and cerebrospinal 
fluid. 

THE SUGAR CONTENT OF CEREBROSPINAL FLUID 

Schloss and Schroeder,’ in a review of the literature on sugar content 
in cerebrospinal fluid, state that “it is generally assumed that the reducing 
agent in cerebrospinal fluid is dextrose, the sugar of blood and body 
fluids. A review of the literature, however, discloses that there has 
been considerable divergence of opinion. Halliburton,? whose views 
are quoted in several current textbooks, concluded that the reducing 
substance was pyrocatechin or a pyrocatechin derivative. Connall * 
states that it is galactose, although he gives no references or experimental 
data to uphold his view. The observations of Narwatzki,*‘ Zdarek,® 
Panzer,® Rossi,’ and others, however, indicate that the reducing agent 
is a fermentable dextrorotatory sugar, presumably dextrose.” Obser- 
vations made by Schloss and Schroeder themselves indicate that there 
is no basis for the belief that the reducing substance in normal cerebro- 
spinal fluid is pyrocatechin. Moreover, their results indicate that 
this agent is a monosaccharide, probably dextrose. 


QUANTITATIVE DETERMINATION OF SUGAR 
Narwatzki,* using Alladin’s method, determined sugar in 121 c.c. 


of spinal fluid preserved with alcohol. His findings, as well as those 
of other investigators, are tabulated in Table 1. 

A study was made of the sugar content of ninety-seven spinal fluids 
using the method of Lewis and Benedict * as modified by Myers and 
Bailey. Two c.c. of spinal fluid were used, except in rare instances 


1. Schloss and Schroeder: Nature and Quantitative Determination of the 
Reducing Substance in Normal and Pathologic Spinal Fluids, Am. J. Obst. 
77:548, 1915; Am. J. Dis. Child. 11:1 (Jan.) 1916. 

2. Halliburton: Textbook of Chemical Physiology and Pathology, London, 
1891. 

3. Connall: A Study of the Cerebrospinal Fluid in the Infective Diseases 
of the Meninges, with Special Reference to Cerebrospinal Fever, Quart. J. M. 
3:152, 1909. 

4. Narwatzki: Zur Kenntniss der Cerebrospinalfliissigkeit, Ztschr. f. Physiol. 
Chem. 23:533, 1897. 

5. Zdarek: Ein Beitrag zur Kenntniss der Cerebrospinalfliissigkeit, Ztschr. 
f. physiol. Chem. 35:211, 1902. 

6. Panzer: Zur Kenntniss der Cerebrospinalfliissigkeit, Wien. klin. Wehnschr. 
14:805, 1899. 

7. Rossi: Sulla natura deila sostan a reducente contenuta nel liquido 
cephalorachidea, Clin. Med. Ital. 38:422, 1899. 

8. Lewis, R. C., and Benedict, S. R.: A Method for the Estimation of 
Sugar in Small Quantities of Blood, J. Biol. Chem. 20:61, 1915. 

9. Myers, V. C., and Bailey, C. V. B.: The Lewis and Benedict Method for 
the Estimation of Blood Sugar, with Some Observations Obtained in Disease. 
J. Biol. Chem. 24:147, 1916 
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when only 1 c.c. was available. The determinations were carried out 
within half an hour after the puncture. The spinal fluid was collected in 
test tubes of 5 c.c. capacity, corked with rubber stoppers, and kept in 
the ice box until analyzed. 

Of the ninety-seven fluids of our series obtained from patients on 
whom lumbar puncture was done as a diagnostic procedure, nine 
might be considered normal, there being present no organic disease 
which would be likely to modify the cerebrospinal fluid. (No pathologic 
reactiOns in either blood and spinal fluid.) 


TABLE 1.—Qvantity oF SuGAr In NorMat Sprnat Frum 








Author Percentage of Sugar 


EE inad cnesncnieserens 0.0555 

Std ekéescdensccees 0.0188 

Claud Bernard 0.0188 

ooo eteubeu 0.048-0.53 (20 cases) 

0.046 (8 cases; Benedict's copper method) 
0.060-0.075 (Bang’s method) 
0.06 -0.08 (20 cases) 
0.064-0.139 (in children; Lewis and Benedict's method) 
0.055-0.110 (22 cases; Lewis and Benedict's method) 
0.064-0.09 (5 cases) 
0.045-0.005 (9 cases 


TABLE 2.—Quantity oF SuGAR IN PresuMABLY NorMAL Spinat Fiuips 











Hospital Percentage Hospital Percentage 

Number of Sugar Number of Sugar 
14251 0.075 14201 0.067 
13555 0.005 14229 0.054 
13804 0.045 13936 0 093 
13987 0.064 0 059 
13986 0.057 


As shown in Table 2, the average amount of sugar in these fluids 
was 0.069 per cent. with a minimum of 0.045 per cent. and a maximum 
of 0.095 per cent. 


SUGAR CONTENT OF CEREBROSPINAL FLUID IN DISEASES OF THE CENTRAL 
NERVOUS SYSTEM 


Hopkins *° states “that a slight increase in the sugar concentration 
of the blood and spinal fluid occurs in some cases of epilepsy, as it 
does in other nervous conditions,” but he felt that the number of his 
cases was not sufficient to permit any definite conclusions. “Syphilis 
frequently reveals lower figures than any other condition with the 


exception of meningitis.” 


10. Hopkins: Sugar Content of the Spinal Fluid in Meningitis and Other 
Diseases, Am. J. M. Sc. 150:847, 1915. 
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Kraus and Corneille** found that there was no correspondence 
between the amount of globulin, the number of cells and the sugar 
content in syphilitic diseases of the central nervous system. He con- 
cluded that apparently syphilis does not alter the normal sugar content. 

Schloss and Schroeder? found normal sugar value in cases of 
cerebrospinal syphilis, and six cases of various types of idiocy. 

Weston ** examined the spinal fluid of twenty untreated cases of 
paresis for sugar. These fluids gave 0.0718 per cent. as an average 
against 0.0725 per cent. for nine treated cases. Their series of fluids 
examined for sugar includes twenty cases of dementia praecox, ten 
of manic-depressive insanity, twenty of paresis, six of epilepsy and 
nine of imbecility. “Individual differences are quite considerable, 
especially in the dementia praecox group, but the averages for the 
different groups show no considerable deviation from normal.” 


TABLE 3.—Qvantity oF SuGar 1n Nervous Diseases 
EXPRESSED IN PERCENTAGE 








Disease | No. of Cases Maximum Minimum | Average 
Syphilitie: 
Cerebrospinal syphilis......... 
,. | — aE 
Dementia paralytica........... 
Syphilis. 
Nonsyphilitic: 
ice nencsuncsceccctances 
Disseminated sclerosis... . 


0.107 0.04 0.063 
0.094 0.019 0.055 
0.135 . 0.079 
0.071 0.064 


0.081 Y 0.073 
0.050 
0.080 
0.067 
0.072 
0.073 
0.067 


Hysteria 

Neurasthenia 

Miscellaneous diseases 
Ecce cc ceeccoceees . 
Arteriosclerosis 


onv@me eo 2eace 


Rieger and Salomon ** estimated the sugar in about 130 subjects 
afflicted with some form of nervous disease. They were unable to 
confirm Mestrezat’s statement ** that in general paresis the sugar 
values were uniformly high. They ascribe Mott’s results **—from 
0.126 to 0.212 per cent. of sugar—from eight miscellaneous psychopathic 


cases to faulty technic. 
Weil ?* also obtained normal values in nervous diseases. 


11. Kraus and Corneille: Sugar in Health and Disease, J. Lab. & Clin. 
Med. 1:685, 1916. 

12. Weston, Paul: Sugar Content of the Blood and Spinal Fluid of Insane 
Subjects, J. M. Research 35:199, 1916. 

13. Rieger and Salomon: Sugar in Spinal Fluid, Boston M. & S. J. 175: 
817, 1916. 

14. Mestrezat: L’examen chimique du liquide céphalo-rachidien, Gaz. des 
hop. 85:789, 1912; J. de Physiol. et de Path. 14:504, 1912. 

15. Mott: The Cerebrospinal Fluid, Lancet 2:79, 1910. 

16. Weil, M. P.: Sugar in the Spinal Fluid, Compt. rend. Soc. de Biol., 
Paris 81:436, 1918; Ref. in Brit. M. J. 2:15, 1918. 
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From Table 3, compiled from our sugar determinations, it is obvious 
that although the average sugar value is somewhat higher in general 
paresis this increase is not sufficient to assume diagnostic significance. 


SUGAR CONTENT IN MENINGITIS 

Schloss and Schroeder * claim there is no decrease in the reducing 
power of the cerebrospinal fluid in meningism; that a large proportion 
of the cases of tubercular meningitis (twenty-three cases) show a 
decrease in the sugar content of the cerebrospinal fluid at some stage 
of the disease; that in a few cases, however, the sugar is normal at all 
times or diminished but slightly. A decrease, only, is said to be of 
diagnostic value. The quantity of sugar in epidemic meningitis (eight 
cases examined) is said to be greatly decreased. Connall* states that 
the reducing power in epidemic meningitis usually increased with 
improvement of the patient. Of the eight cases examined by Schloss 
and Schroeder, only one showed any increase in sugar though the 
condition of the patient became worse. A decrease in sugar is said 
to be present in all miscellaneous types of miningitis. 

Kraus and Corneille 7! determined the sugar value in two cases of 
purulent meningitis. The value rose steadily in the case of the patient 
who recovered, while it fell in the patient who died. They considered 
the changes in the sugar content of cerebrospinal fluid in purulent 
meningitis of great value prognastically, a rise being favorable and a fall 
of unfavorable significance. In this they agree with Hopkins, Schloss 
and Schroeder, etc. However, they do not confirm the statement of 
Du Bois and Neal,’*? and Schloss and Schroeder, that sugar is absent in 
acute purulent meningitis. According to Du Bois and Neal, Fehling’s 
solution was not reduced in 25 per cent. of their tuberculous meningitis 
cases. Also, in epidemic cerebrospinal meningitis they found it positive 
or negative according to the severity of the stage of the disease. In 
meningitis due to other organisms it may be negative but in the early 
stage it may be positive. 

In one of our cases of tubercular meningitis the sugar content was 
too small to be determined quantitatively. However, Benedict’s quali- 
tative reduction test showed the presence of a trace. The patient died 
a few hours after the puncture. Two consecutive samples from a case 
of epidemic meningitis showed increasing sugar values. The patient 
recovered. In all cases, before treatment was instituted, sugar was 
found below normal. 


17. Du Bois and Neal: Summary of Four Years of Clinical and Bacterio- 
logical Experience with Meningitis in New York City, Am. J. Dis. Child. 
9:1, 1915. 
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SUGAR IN DIABETES 





According to Mott ** an increase of the sugar content of the cerebro- 
spinal fluid in diabetes mellitus has long been known. Rieger and 
Salomon * report values of from 0.134 to 0.256 per cent. The highest 
sugar value in spinal fluid we encountered in our studies was 0.729 per 
cent., the blood sugar being 0.747 per cent. This spinal fluid also gave 
positive tests for acetone and diacetic acid and a carbon dioxid carrying 
capacity of 13.60 mm. Hg while the carbon dioxid carrying capacity 
of the blood amounted to 27.9 mm. 
















SUGAR IN OTHER DISEASES 

In our series the average sugar content of cerebrospinal fiuids 
obtained from compensated cardiac cases was 0.068 per cent. with a 
maximum of 0.095 and a minimum of 0.045 per cent. The sugar 
value in two cases of nephritis was slightly above the average normal 
but not higher than the sugar of individual normal cases. In cystitis, 
lung disease and thyroid diseases the sugar is normal. 





















CEREBROSPINAL 





SUGAR CONTENT OF 





IN REGARD TO 





CONCLUSIONS 





FLUID 
1. Normal value is 0.069 per cent. (max. 0.095; min. 0.045 per 
cent. ). 
2. The quantity of sugar is approximately normal in: cerebrospinal 
syphilis; tabes dorsalis; syphilis; hemoplegia; disseminated sclerosis ; 
neurasthenia ; brain tumor; arteriosclerosis and other diseases. 
















TABLE 4.—PercentacGe Ratio Between SuGar IN PresuMABLY NorMAL 
Spina Frum Anp SvuGaAr IN BLoop oF THE SAME PATIENT 


















Spinal Fluid 












Hospital Number Case Blood Spinal Fluid iene 
Blood 

14055 we 0.120 0.058 47.8 

14381 oe 0.107 0.062 574 

13555 = 0.135 0.095 70.3 

M4iié 91 0.118 0.059 49.5 
Average normal blood sugar......... 2.66.66. cece cece eeeee 0.120 
Average normal spinal fluid sugar...................0.05- 0.069 
Average ratio between 100 = spinal fluid to blood........ M2 







(Maximum, 70.3; minimum, 47.8) 








3. The sugar tends to be slightly increased in: dementia paralytica 
and in hysteria. This increase is not sufficient to make it of value in 







diagnosis. 
4. There is a decrease in sugar in tubercular meningitis and epidemic 







meningitis. 
5. In diabetes the sugar quantity is increased proportionately to 






the blood sugar. 
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RELATIVE SUGAR CONTENT OF CEREBROSPINAL FLUID AND BLOOD 
Schloss and Schroeder made comparative studies of sugar content 
of blood and cerebrospinal fluid. They write “that it is of great interest 
that the normal variation in the amount of sugar in the cerebrospinal 
fluid is very close to that which obtains for blood. It, therefore, seemed 
of interest to ascertain whether there is any correspondence between 
the blood sugar and the cerebrospinal fluid sugar in the individual case. 


FABLE 5.— Percentace Ratio Between Spina Fium SuGar anp Boop 
SucGar 1n Various DIsEAsEs 








Case Blood Fluid | Sp. Fl. be Diagnosis 
s Sugar Sugar 


Hospital 
Number 


Blood 


|. Spinal 100 x | 
} 
| 





Sy Syphilitie 


ry) 


Cerebrospinal syphilis* 

Cerebrospinal syphilis; spastic paraplegia 
Cerebrospinal syphilis 

Tabes 

Tabes 

Tabes; general paralysis of the insane 
Tabes 

Tabes; arthritis 

Tabe 

Dementia paralytica 


ase 
14074 
15547 
15808 
14442 
14201 
14389 


ol 
. 


t 


Je ee 0.096 
14338 9 35 0.066 
14401 ‘ 0.135 Dementia paralytica 
14140 .132 0.054 Dementia paralytica 
0.077 72 Syphilis 





SSRSARLS; 
be “1 Gn S nb Go wm to ws 


nw 
S8 
be 


14329 
Nonsyphilitie 
14086 0.048 2. Multiple sclerosis 
15728 3: . 0.052 5 Hysteria 
14558 36 ‘ 0.000 7 Hysteria 
15817 ‘ 1 0.075 5. Neurasthenia 
14385 OF 0.057 2. Neurasthenia 
14062 3s .12 0.058 4 Neurasthenia 
14413 ‘ 0.1085 78. Neurasthenia 
14055 5s . 0.058 7. Sciatica (adenopathy) 
14318 { . 0.062 57. Curvature of spine 
14040 57 12 0.082 . Narcolepsy 
14435 . 0.079 71.6 Epilepsy 
13775 f 0.102 . Id.ocy 
14055 5s 0.081 0.062 5S Paralysis agitans 
13715 i 0.203 0.005 7 Brain tumor 
14534 os 0.142 0.075 by Brain tumor 
14055 5s 1.20 0.058 Heart disease (blood taken 4 hours later) 
13555 7 0.135 0.005 70.3 Heart disease 
15576 0.117 0.098 9.5 Heart disease; arteriosclerosis 
14021 1.25 0.084 7 Pyelonephritis+ 
14251 0.097 0.075 7.8 Chronic nephritis; heart disease 
0.747 0.729 6 Diabetes 








* Blood taken two days after spinal fluid. 

+ Blood taken three hours after withdrawal of spinal fluid. 
Accordingly, in ten cases we have made sugar determinations on blood 
and cerebrospinal fluid which were obtained at the same time. In 
only two instances were the values similar. These results indicate 
that although the variations in the blood sugar and the cerebrospinal 
fluid sugar are practically identical, yet there is no correspondence 
in the individual case at a given time.” 

In the series investigated by Weston ** the ratio of sugar in the 
spinal fluid to that found in the blood varied from 1 to 1.55 in the 
epilepsy group to from 1 to 1.72 in the general paralysis group, or 
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expressed in terms of percentage of spinal fluid to blood, from 64.5 per 
cent. in the epilepsy group | to 58.1 per cent. in the general paralysis 
group. 

Fine and Myers** established the ratio of sugar in spinal fluid 
and blood in fifteen cases of nephritis of various stages of severity, 
the blood picture varying from normal to pathological. For their 
series, the sugar concentration of the spinal fluid amounted to about 
60 per cent. of the quantity present in the blood. 

In our series the ratio determined between the sugar content in 
spinal fluid and blood in four apparently normal cases is shown in 
Table 4. 

The results show that the ratio between the spinal fluid and blood 
of normal individuals is 56.2, with a maximum of 70.3 and a minimum 
of 47.8. No constant increase of sugar in spinal fluid is apparent with 


TABLE 6.—Averace Percentace Ratio o- SuGAR IN SPINAL FLUID AND BLoop 








100 «x Sp. Fl. 
—-- —-— No. of Maxi- Mini- 
Blood Cases mum mum 


Cerebrospinal syphilis............... 78.3 3 
i Se inicneecvesessécdecsnnes 63.8 
Dementia paralytica................. 77.6 
ere 72.8 
Hysteria.... 5.0 
PRS co ctcncetoctecestesaens 2.2 
Brain tumor. w.0 
Miscellaneous nervous diseases... ... 65.2 
Miscellaneous diseases............... 63.0 
Diabetes... 97.6 


88.8 29.8 
132.3 


78.7 


76.9 


79.5 


3 
1 
2 
4 
2 
6 
5 


an increase of sugar in the blood in normal cases. Similarly no constant 
increase is found in pathologic cases. Thirty-three determinations of 
sugar ratios were carried out in various diseases (Table 5). 

The ratios, especially in dementia paralytica and tabes, display great 
inconstancy. To show this still more clearly, Table 6 has been compiled. 
One can see that in each of the diseases investigated average ratios are 
obtained more or less approximately normal while in individual cases 
the results vary widely. 

The relative, as well as the absolute, sugar content is highest in 
diabetes.'* 

CREATININ 

According to Leopold and Bernhard,” creatinin varies between 0.7 
and 1.5 mg. per 100 c.c. of fluid, the average amount being 0.9 mg. 
Our determinations of creatinin in presumably normal spinal fluid 
are recorded in Table 7. 

18. Fine and Myers: Comparative Distribution of Urea, Creatinin, Creatin, 


Uric Acid and Sugar in Blood and Spinal Fluid, Pr. Soc. Exper. Biol. & M. 
13:126, 1914. 
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An analysis of the values for creatinin in eighty-nine cases indicated 
that the quantity of creatinin in the spinal fluid in various diseases, with 
the exception of diseases of the kidneys, varies between 0.43 and 2.75 
mg. per 100 c.c., the same range for blood creatinin. The diseases 
exhibiting high blood creatinin content also exhibit an increase in the 
creatinin content in the spinal fluid. The highest value was obtained 
in a case of pyelonephritis. The quantity of creatinin amounted to 


5.0 mg. 
Four comparative studies of creatinin of normal spinal fluid and 


blood are recorded in Table 8. 

Fine and Myers * determined the ratio of creatinin and found it 
to be 46 per cent. of that of blood in fifteen cases of nephritis with 
blood pictures varying from normal to markedly abnormal. 

Regarding the ratio in pathologic spinal fluid and blood, we find 
the lowest in a case of cerebrospinal syphilis. However, another case 
of cerebrospinal syphilis yields a ratio of 130.0. The figures in Tables 
9 and 10 show that in the same disease, as well as in different diseases, 
the ratio is not a constant factor; that at times the creatinin is higher 
in spinal fluid than in blood, at other times even as little as one-fifth. 

Absolute values which are, perhaps, notable are found in one case 
each of dementia paralytica, hysteria, idiocy, and pyelonephritis.** 

In one case of diabetes, the percentage ratio of creatinin in spinal 
fluid and blood was 168.7 as against the normal average of 95.5. 


CONCLUSIONS 
1. The creatinin value in normal spinal fluid varies from 0.45 to 
2.20 mg. for 100 c. c. of spinal fluid. 


19. Other references bearing on blood sugar are the following: 

Ardin: 1912. 

Blatteis, S. R., and Lederer, M.: Analysis of Four Hundred and Twenty- 
Six Cerebrospinal Fluids from Various Pathologic Conditions, J. A. 
M. A. 60:811, 1913. 

Jaksch: Klinische Diagnosis Innerer Krankh., Ed. 5, p. 567. 

Kiely: Some Recent Studies in the Chemistry of Cerebrospinal Fluid, 
J. Lab. & Clin. Med. 2:645, 1916. 

Kopetzky: Untersuchungen tiber die Beziehungen gewisser Gewebsre- 
actionen zur Friihdiagnose und chirurgischen Behandlungsweise der 
Meningitis, Ztschr. f. Ohrenh. w. fd. Krankh. d. Luftwege 58:1, 1913. 

Leopold and Bernhard: Studies in Chemistry of the Spinal Fluid of Chil- 
dren, Am. J. Dis. Child. 13:34 (Jan.) 1917. 

Levinson: Cerebrospinal Fluid in Health and Disease, 1919. 

Terotoli: Ann. d. fac. di med. 13:101, 1913. 

Turner: Sugar in Spinal Fluid, Brit. M. J. 2:60, 1918. 

20. Leopold and Bernhard: Studies in the Chemistry of the Spinal Fluid 

of Children, Am. J. Dis. Child. 18:34, 1917. 

21. Fine and Myers: Comparative Distribution of Urea, Creatinin, Uric 
Acid and Sugar in Blood and Spinal Fluid, Pr. Soc. f. Exper. Biol. & Med. 
12:126, 1914. 

22. Terotoli: Ann. d. fac. di med. 13:101, 1913. 
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TABLE 7.—Qvantity or CREATININ IN PresuMABLY NorMAL SPINAL FLuip 








Hospital Creatinin, Hospital Creatinin, 
Number Case Mg. in 100 C.c. Number Mg. in 100 C.e. 
14251 0.75 14201 7 125 
13555 1.9 14229 2.20 
1384 2 0.45 13936 1.10 
13987 1.25 14114 1.06 
13986 1.40 





The average of nine determinations was 1.27 mg. per 100 c.c. of fluid, the maximum 
being 2.20, the minimum 0.45. 


TABLE 8.—Percentace Ratio oF CREATININ IN 
NorMAL SPINAL FLump ANpD BLoop 








Hospital Number Spinal Fluid 


14055 1. 1.20 

14381 1. 1. 

13555 1 1. 
1 1. 


Average ratio of creatinin in spinal fluid end blood is %.5 (maximum 172.7). 


TABLE 9.—Percentace Ratio or CREATININ IN SPINAL FLUID AND 
3Loop IN Various DISEASES 








« Sp. FL 
Hosp. No. Case Blood Spinal —_—-- — 
Fluid 


Syphilitie 
14408 








2. f | Cerebrospinal syphilis 
14444 fie 4 0 ». | Cerebrospinal syphilis 
14074 7 Y 7S — syphilis 
147 - of . 4 ‘a 
14389 ¢ r 2 ms. Tabes 
15808 ial BE J 4.5 Tabes 
14442 2 . 4 Tabes 
14201 { ‘ Tabes 
14338 2 2.3 2.4 Lf Dementia paralytica 
14401 ¢ AE s Dementia paralytica 

‘ | Syphilis 


14329 
Nonsyphilitic | 
14086 


15728 


Multiple sclerosis 
Hysteria 

Hysteria 
Neurasthenia 
Neurasthenia 
Neurasthenia 
Neurasthenia 

Sciatica (adenopathy) 
Curvature of spine 


es usssk 


— it et 


A 


woSD> Hite oe on 


Paralysis agitans 

Brain tumor 

Brain tumor 

Heart disease 

Heart disease 

Heart disease; arteriosclerosis 
25.0 Pyelonephritis* 

75 0.7! 100.0 Chronie nephritis; heart disease 
400 0.5K 125.0 Chronic cystitis 

70 1.6 168.7 Diabetes 


* Blood taken three bours after withdrawal of spinal fluid. 
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2. The ratio between creatinin of normal spinal fluid and blood 
reveals the existence of a still greater variability than for sugar. 

3. The ratio between creatinin of pathologic spinal fluid and blood 
is not sufficiently constant to justify clinical application. 


UREA 

The urea content in the cerebrospinal fluid has been determined 
previously by many investigators. The results of their studies are 
shown in Table 11 which indicates the cerebrospinal fluid urea content 


TABLE 10.—Averace Ratio or CREATININ IN SPINAL FLump AND BLoop 
oF Various DISEASES 








100 « Sp. Fl. 
—_——_—_—— No. of Maxi- Mini- 
Blood Cases mum mum 


Cerebrospina! syphilis 81.1 130.0 22.0 
Tabes dorsalis 8.7 . 162.5 64.5 
Dementia paralytica 100.9 : aes oe 

48.0 

74.9 aie oe 
Neurasthenia 82.1 100.0 58.6 
Brain tumor 122.0 - 
Miscellaneous nervous diseases... ... 109.0 
ET 125.0 
Chronic nephritis 100.0 
Diabetes 168.7 


200.0 67.6 


TABLE 11.—Urea Content IN CEREBROSPINAL FLUID 








Date Name Urea Content in 100 C.c. 


1806 PTTL... ccpundeepinediabvibencennedbsenws ee 9.8 mg. 
1896 13.5 mg. 
1904 EE ao nub cntunk ars iaveceee upeie 0.015-0.025 % 
1906 Fr 0.543 % urea N. 
1912 s a ‘ we 0.06-1 % 
Leopold and Bernhard **................. 7.0-13.5 mg. 
1914 Ce Dhctenendevetcsipnectestanceisss or 0.012 % in spinal fluid of cow 
1916 Kahn #7 14-33.32 in 100 ¢ c. urea N 
1916 Eesesseses énabesoendenus 6.25-20.75 urea N. 
Personal results 





in presumably normal individuals. Widal and Froin ** published urea 
values up to 43.5 mg. per 100 c. c. in pathologic cases. 

Mallard and Foment claim that a notable increase of urea in spinal 
fluid is always indicative of renal insufficiency and is of valuable aid 


23. Widal and Froin: L’uree dans le liquid cephals-rachidien des brightiques, 
Gaz. d. hop. 77:1182, 1904; Soc. Biol. 2:282, 1904. 

24. Cavazzani: Weiteres tiber die Cerebrospinalfliissigkeit, Centralbl. f. 
Physiol. 6:145, 1896. 

25. Thiery (reported by Cavazzani): Weiteres tiber die Cerebrospinal. 
fliissigkeit, Centralbl. f. Physiol. 6:145, 1896. 

26. Leopold and Bernhard: Studies in the Chemistry of the Spinal Fluid of 
Children, Am. J. Dis. Child. 18:126 (Feb.) 1917. 

27. Kahn and Neal: Quantitative Chemical Studies in Cerebrospinal Fluid, 
Pr. Soc. Exper. Biol. & Med. 14:26, 1916. 
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in diagnosis. Levinson ** determined urea in six pathological fluids, 
two being cases of meningism, the others cases of psychosis. His values 
range between 3.2 and 9.0 mg. per 100 c. c. 

Our findings for urea in presumably normal fluids are tabulated in 
Table 12. It shows an average value for urea of 9.87 mg. per 100 
c. c. of fluid, the extremes being 7.58 mg. and 12.75 mg. 





TABLE 12.—Quantity or Urea in PresumMAsBLty NorMaAt SprInaL Fivuip 


Hospital No. Mg. per 100 C.c. Hospital No. Case Mg. per 100 C.c. 
14251 11.25 13936 79 9.28 
12996 f 9.00 14114 91 12.75 
14201 76 10.80 100 7.58 
14229 9.00 101 9.36 





Average quantity of urea, 9.87 mg. per 100 c.c. 





TABLE 13.—Quantity or Urea IN THE Sprnat Fiurp in Various Diseases 





Hosp. No. Case Mg. in 100 C.c. Diagnosis 








Syphilitie 
14384 Cerebrospinal! syphilis 

Cerebrospina! syphilis 

Cerebrospinal! syphilis 

Cerebrospina! syphilis 

Cerebrospinal) syphilis 

Cerebrospinal syphilis; spastic paraplegia 

Tabes 

Tabes; prim. optic atrophy 

Tabes 


Tabes 

Tabes; arthritis 
Dementia paralytica 
Dementia paralytica 
Dementia paralytica 
Dementia paralytica 
Dementia paralytica 
Syphilis 

Syphilis 


‘ 2 
ge 
Basen 


Crook 
Coe 


Nonsyphilitic 
12950 


> 


Multiple sclerosis 
Multiple sclerosis 
Neurasthenia; syphilis 
Neurasthenia 
Neurasthenia 

Brain tumor 

Brain tumor 

Brain tumor 

Brain tumor 
Arteriosclerosis 
Arteriosclerosis 
Arteriosclerosis 
Constitutional inferiority 
Paralysis agitans 
Psychosis 

Heart disease; syphilis 
Chronie nephritis; heart disease 
Chronie cystitis 
Enlargement of prostate 


— 
SBS 


e382 


~Is9 
we 


ai atiiin 
SRESsecmheon 


— 


w> 
Fass 


Baro 
= 85! 





Quentity of Urea in Various Diseases—Tables 13 and 14, respec- 
tively, give the figures for the quantity of urea in various diseases. As 
with creatinin, we do not find values appreciable above or below the 
normal limits for urea in the spinal fluid; however, it is to be noted 
that in tabes the minimum value is about the same as the upper limit 


28. Levinson: Cerebrospinal Fluid in Health and Disease, 1919. 
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found for urea in our normal fluids, the other findings being slightly 
above the normal figures. Whether any importance can be attached 
to this result or not only further study would reveal. The highest 
value, 29.1 mg. for 100 c.c. of spinal fluid, was found in a case of 
enlargement of the prostate. 

Ratio Between Urea in the Spinal Fluid and Blood.—Cullen and 
Ellis *® found a difference of less than 2 mg. per 1,000 c.c. in the 
amounts of urea in the fluid and the blood in 63 per cent. of their 
determinations. The urea content of the fluid varied from 22 to 46 
mg. and that of the blood serum between 20 and 42 mg. Myers and 
Fine *° give 88 per cent. as the ratio for urea in spinal fluid and blood 
in nephritis. 


TABLE 14.—Quantity or Urea in Sprnat Fium 1x Various Diseases 








Average Urea Value, 
Disease Mg. per 100 C.c. Ca Maximum Minimum 

31.56 17.5 6.35 

14.9 19.5 10.80 

10.84 12.5 om) 

Syphilis 7.9 0.00 
Multiple sclerosis................. 5.63 6.00 
Neurasthenia 10.0 8.50 
9.86 6.00 

11.09 9.30 

Miscellaneous diseases............ 13.71 8.00 


“Ise wnnmwvw 





TABLE 15.—Urea 1n NorMat Spinat Fium anp Boop 


Mg. Urea for 100 C.c. 

———— _— —_——— ——EE —_ a 
100 x Spinal Fluid 

Spinal Fluid Blood —_— 





Blood 
7.58 12.78 61.70 
9.36 13.49 76.17 

10.61 16.42 64.63 

12.75 27.0 46.10 


Average ratio of urea of normal spinal fluid and blood, 62.15 per cent 


In our study we determined the proportion of urea in spinal fluid 
and blood from four normal individuals (Table 15). 

In all pathologic fluids examined all but the group of dementia 
paralytica exhibit an average ratio above that of normal fluid, cerebro- 
spinal syphilis ranking highest. 


CONCLUSIONS 
1. The average value for urea in 100 c.c. of normal spinal fluid 
is 9.87 mg. 


29. Cullen and Ellis: The Urea Content of Human Spinal Fluid and Blood, 
J. Biol. Chem. 20:511, 1915. 

30. Myers and Fine: Comparative Distribution of Urea, Creatinin, Creatin 
Uric Acid and Sugar in Blood and Spinal Fluid, Pr. Exper. Biol. & Med. 
13:126, 1916. 





574 ARCHIVES OF INTERNAL MEDICINE 


2. The urea content of cerebrospinal fluid in cerebrospinal syphilis 
shows a slight increase over the normal. 

3. The average ratio of urea of normal spinal fluid and blood is 
62.15 per cent., this ratio being slightly increased in diseases of 
cerebrospinal involvement. 


TABLE 16.—Percentace Ratio or Urea in Spinat Fium ANnp BLoop 
Unper Various DISEASES 








Spinal 100 x Sp. FL 
Hosp. No. | Case | Fluid Diagnosis 





Syphilitie 
14408 ae | 7 7 . Cerebrospinal syphilis 
14444 on | ’ s Cerebrospinal syphilis; spastic 
paraplegia 
14442 F of 5». Tabes 
14201 5 2. 90. Tabes 
a . 2. fi — arthritis 
me J Ta 
14838 2 5.28 9.45 1. Dementia paralytica 
14401 - 2. 5.5 Dementia paralytica 
Ga. es 2. 7 .7 Dementia paralytica 
2. ' Syphilis 


Neurasthenia 
Neurasthenia 
Neurasthenia 
Paralysis agitans 
13715 Brain tumor 
14534 Brain tumor 
15576 i z a . Heart disease; arteriosclerosis 
14251 > at 25 9.7 Chronie nephritis; heart disease 
14406 .75 . 93.6 Cystitis 
D. aa 7. ‘ 2. Diabetes 


14829 
Nonsyphilitie 
15817 


14385 
14413 
14065 


Se on Soy 
BLZLIE8 


1D oS wiom - 





TABLE 17.—Urea 1n Sprnat Fium anp Boop 1x OrnHer DIsEAsEs 








Average Percentage of Urea 
Disease in Spinal Fluid and Blood 
Cerebrospinal syphilis 127.1 
REE SP eT ee ° 84.9 
Dementia paralytica 65.7 
Neurasthenia 92.8 
Brain tumor 105.17 





ACID BASE EQUILIBRIUM IN CEREBROSPINAL FLUID 
(RESULTS ON TITRATION) 

A number of studies have been made on the degree of alkalinity 
of the spinal fluid. Cavazzani*™ found the reaction neutral in two 
cases of hydrocephalus. Concetti ** examined seven fluids of which 
three were alkaline, four weakly alkaline. Turner found the spinal 
fluid to be alkaline to litmus and acid toward phenolsulphonephthalein. 
He also noticed a change in alkalinity on standing. Kopetzki is of the 


31. Cavazzani, E.: Weiberes iiber die Cerebrospinalfliissigkeit, Centralbl. 
f. Physiol. 10:145, 1896. 

32. Concetti: Chemische Untersuchungen iiber die Hydrocephalusfliissig- 
keit von Kindern, Arch. f. Kinderh. 24:161, 1898. 
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TABLE 18.—DetTerMINATION OF SUGAR, CREATININ AND UREA 
IN PaTHOLoGiIc FLUIDs 








Hosp. No. Case Sugar Creatinin Urea Diagnosis 





Syphilitie 
15666 Cerebrospinal syphilis 
Cerebrospinal syphilis 
Cerebrospinal syphilis 
Cerebrospinal syphilis 
Cerebrospinal syphilis 
Cerebrospinal syphilis 
Cerebrospinal syphilis 
Cerebrospinal syphilis 
Cerebrospinal syphilis 
Cerebrospinal syphilis; spastic par- 
aplegia 
Tabes 
Tabes 
Tabes 
Tabes; neuritis 
Tabes; prim. optic atrophy; fluid 
withdrawn for diagnosis 
| Ten days later withdrawn for treat- 


Muy 
14384 
14408 
13189 
13946 
14074 
14143 
14203 
14444 


4g 44 44 
B-*38>RRoe 


<7 


+ OWT MM Crom 
HH OMe Oe ee 
a wear 
Ssasg 


- 


bes 

Tabes; arthritis 
Dementia paralytica 
Dementia paralytica 
Dementia paralytica 
Dementia paralytica 
Dementia paralytica 
Dementia paralytica; cardiac hyper- 

trophy 
Syphilis; hysteria 
Syphilis 
Syphilis 


BRSARRRA 8s 


SS Ot et 
n 


x 
3 


bt 
& &ieo 
4 


14233 
Nonsyphilitie 
13377 


Right hemiplegia due to cerebral 
hemorrhage 
Right hemiplegia 
Right hemiplegia; embolic 
Multiple sclerosis 
Multiple sclerosis 
Multiple sclerosis 
Multiple sclerosis 
Hysteria 
Hysteria; syphilis 
Hysteria 
Hysteria 
Neurasthenia 
Neurasthenia; obesity 
Neurasthenia 
Neurasthenia 
Neurasthenia 
Neurasthenia 
Neurasthenia 
Neurasthenia; cystitis, acute 
Constitutional inferiority 
Constitutional inferiority and cere- 
brospinal syphilis 
Constitutional inferiority 
Cervical ribs 
Curvature of spine 
Fracture of spine 
Idiocy 
Paralysis agitans 
Sciatica (adenopathy 
Convulsive ties 
Epilepsy, Jacksonian 
Epilepsy 
Narcolepsy 
Epilepsy (syphilitic) 
Chronie leptomeningitis; pernicious 
anemia 
8.6 Psychosis 
mae Brain tumor 
2 wks. later Brain tumor 
seas Brain tumor 
Brain tumor 
Brain tumor 
Brain tumor 
Brain tumor 


13461 
13710 
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TABLE 18.—DeterMINATION oF SuGAR, CREATININ AND UREA 
IN PatHoLocic FLuips—( Continued) 





Hosp. No Case Sugar Creatinin J Diagnosis 





13476 | 0.043 2. eees Arteriosclerosis 

13987 j 0.164 -f f Arteriosclerosis 

14168 | nines J Arteriosclerosis 

15576 | 0.093 : 2 Arterioselerosis 

14251 | 0.075 7 25 Valvular disease 

13555 0.095 . sane Valvular disease; chronic myocar- 

ditis; chronic cardiac disease 

Valvular disease; chronie cardiac 
acute arthritis 

Double lobar pneumonia; pyelo- 
nephritis 

Chronie endocarditis; cardiac 
hypertrophy 

Card. hypertrophy, valv. disease 

Chronie valvular disease 

Heart disease, paralysis gen. 

Chronic valvular disease 

Chronic valvular disease 

Syphilis; heart disease 

Pyelonephritis 

Chronic nephritis; heart disease 

Cystitis neurasthenia 

Chronic cystitis 

Gangrenous cystitis 

Emphysema 

Pulmonary tuberculosis 

Double lobar pneumonia; pyelo- 
nephritis 

Hyperthyroidism 

Myxedema 

Chronie amygédalitis 

Amygdalitis 

Arthritis; hyperthyroidism 

Arthritis; tabes 

Pernicious anemia 

Secondary anemia 

Enlargement of prostate 


13894 2 0.045 
141 


13987 


~ 
3 


13986 
14201 
14168 
14229 
13986 
14229 
lar 
14251 
13511 
14406 
13569 
13461 
14332 
140n1 


re) 


GP PS re 
> 


Sway 


or) 
ywe> 
— i 


tet ee td 
SBks: 


14231 
16625 
14087 
Mii 
14231 
14384 
13569 


SOP to mt es me 0 
“OSRRR-~ SR 


14106 


| 
| 
| 


opinion that all normal fluids are neutral to litmus; that their Py is 
below 8. Von Jaksch found the alkalinity to equal 20 c.cm. of n/10 
acid. Mott considers the alkalinity of spinal fluid of equal ion concen- 
tration as a 1 per cent. solution of sodium hydroxid. Kafka also found 
that on an avegage 20 c. c. tenth normal hydrochloric acid were necessary 
to neutralize 100 ¢.c. fluid. He used cochineal as an indicator. 
Bisgaard,** using the gas chain method, determined the hydrogen ion 
concentration in two cerebrospinal fluids and gives the Py value as 
more than 8.1. Polanyi ** used the compensation method with the 
Farkas Szilisch electrode in a case of hydrocephalus and he gives the Py 
9.84 x 10.11. Hurwitz and Trauter * applying the Levy-Rowntree- 
Marriott method found the Py equal to 8.15-8.30. These are the results 
of examinations of fluid from nineteen normal and twenty-eight 


33. Bisgaard, A.: Untersuchungen iiber die Eiweiss- und Stickstoffver- 
haltnisse der Cerebrospinalfliissigkeit sowie tiber die py, derselben, Biochem. 
Ztschr., 58:1, 1914. 

34. Polanyi, U.: Beitrage zur Chemie der Hydrocephalusfliissigkeit, Biochem. 
Ztschr. 34:205, 1911. 

35. Hurwitz, S. H., and Trauter, C. L.: On the Reaction of Cerebrospinal 
Fluid, Arch. Int. Med. 17:828 (June) 1916. 
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syphilitic patients. Weston ** examined 105 fluids from individuals 
mentally deficient. The pu varied from 7.9 to 8.3, average 8.12. The 
results do not differ from those obtained by Hurwitz and Trauter 
and are in accord with the statement of Mott *’ that the reaction of 
the cerebrospinal fluid varies only slightly in different conditions. 

McClendon,* using microtitration with dibromorthocresolsulphone- 
phthalein as an indicator found that in a few cases (no reference to 
disease) 0.027-0.0275 c.c. normal hydrochloric acid, for two cases of 
diabetes, 0.015 and 0.030 c. c. hydrochloric acid respectively. Levinson * 
arrives at the conclusion that the Py of normal cerebrospinal fluid is 
the same as that of blood, that it also ranges between 7.4 and 7.6 
immediately after being removed from the body. 


TABLE 19.—Acip-Bast Eouitiprium 1N CEREBROSPINAL FLUID 








Date Name Findings 
1806 Cavazzani...... 15.7 ¢.c. sulphurie acid 
1808 Concetti 3 fluids alkaline; 4 weakly acid 
1910 Alkaline to litmus, acid to phenolsulphonephthalein 
1911 Polanyi 9.064 x 10” 
1913 Kopetzky Neurtal to litmus; >8.0 
Von Jakseh............ 20 c.c. tenth normal acid 
0.1% sodium hydroxid 
ii 20 c.c. tenth normal hydrochloric acid 
1913-14 Bisgaard <8.1 
1916 Sas cuccesesnesen 3.26 
1916 Levinson 2.0-2.4 hundredth normal sulphuric acid (methylred) 
1:15-2.66 hundredth normal sulphuric acid (methyorange) 
1917 8.12 
1917 78 (normai and pathologic) 
1918 0.027-0.275 normal] hydrochloric acid 
7.4% 76 





Results Obtained in this Investigation by Titration Method.— 
McClendon’s method was used. To 1 c.c. spinal fluid in a small 
porcelain dish two drops of aqueous solution of dibromorthocresolsul- 
phonephthalein were added and tenth normal hydrochloric acid was 
added from a microburet under agitation until the color changed to 
yellow. The average for normal spinal fluid from cardiac cases with 
well compensated valvular disease was 0.0249 c.c. normal hydrochloric 
acid. Owing to difficulty in finding volunteers for the study of normal 
cerebrospinal fluid cardiac cases with well compensated valvular lesions 
without evidence of acidosis were accepted as exhibiting normal values. 
Ten such cases yielded an average value of 0.0249 c. c. normal hydro- 


36. Weston, P. G.: The Reaction of the Cerebrospinal Fluid, J. M. Research 
35: 367, 1917. 

37. Mott: Oliver Sharpey Lectures on the Cerebrospinal Fluid, Lancet 2: 
1, 79, 1910. 

38. McClendon, J. F.: Detection of Acidosis, J. A. M. A. 70:977 (April 
6) 1918. 

39. Levinson: Studies in Alkalinity of Cerebrospinal Fluid, Arch. Pediat. 
23:241, 247, 1916. 
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chloric acid (the maximum being 0.0263 and minimum 0.0211). Prac- 
tically all the groups of cases studied yielded values closely approx- 
imating normal. The results of these studies will be found in Table 20. 

In eighty-four cases studied, the only values below 0.0211 c.c. 
normal hydrochloric acid were encountered in diabetes, 0.0185; in 
pyelonephritis, 0.0110; in cerebrospinal syphilis, 0.0146; in syphilis, 
0.0149; in leptomeningitis, 0.0164; in brain tumor, 0.019; and in 
gangrenous cystitis, 0.0164. In cases of diabetes and pyelonephritis 
marked acidosis was present, while in the other five cases no explanation 
for the low values was apparent. 


TABLE 20.—Resutts Ostainep By TITRATION MetHop 








No. of C.ec. Nor- 
Cases Diagnosis mal HCl 
Syphilitie 
8 


! 
Nonsyphilitie 


plegi 
Multiple sclerosis 
Hysteria 
Neurasthenia 
Miscellaneous nervous diseases 
Brain tumors. 


- 
tt Co me 7 wT em 





STUDIES OF ACID BASE EQUILIBRIUM OF CEREBROSPINAL FLUID 

(a) Alkaline Reserve-—The first reference to the carbon dioxid 
content of spinal fluid is that of Mott.** The following tabulation is 
taken from Mott: 

Cerebrospinal Fluid Yield Lymph by Volume, 
ee Carbon — per Cent. Carbon — per Cent. 
By acid and heating in vacuu 50 50 
Difference, repr. CO2 in stable « combination. . 40 4 

Felton, Hussey and Bayne-Jones *° discuss Mott’s findings as 
follows : “Mott has interpreted these findings to indicate that the carbon 
dioxid is in more stable combination in the spinal fluid than in the 
blood.” <A careful analysis of his procedure, however, throws doubt 
on the validity of these conclusions. They continue, “the final factor in 
the relationship between the reaction of the blood and spinal fluid must 
depend largely on the possibility of an interchange of free hydrogen ions 
between the two fluids. In view of the great diffusibility of the hydro- 
genion concentration, it does not seem likely that the choroid plexus and 
the vascular meninges would obstruct the passage of this ion from the 


40. Felton, L. D.; Hussey, R. G., and Bayne-Jones: Reaction of Cerebro- 
spinal Fluid. Preliminary Report, Arch. Int. Med. 19:1085 (June) 1917. 
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blood into the spinal fluid. Since, therefore, the previous studies on the 
physical and chemical constitution of the spinal fluid and blood lead to 
the supposition that the reaction of these fluids should be approximately 
equal, any reports which point to an opposite conclusion require 
investigation.” 


TABLE 21.—ALKatine Reserve oF PatHotocic Spinat Fiuims 


No. of Cases Diagnosis Volume per Cent 
4 Diseases of nervous system....... : a 53.1 
Cerebrospinal syphilis. mae iri : nt 56.7 
Tabes ; oe 53.1 
Dementia paralytica...... : aS pasen 3 46.9 
Syphilis , ke ae ee 51.85 


» 


a 


Neurasthenia........... ry ae Lanebies M45 
Brain tumor a - rasedces 51.2 
Narcolepsy........... “e une 2 teaties 28.15 
Pyelonephritis. ARETE “ = _ ~ - 23.75 
Diabetes......... ‘ en ; * “ 28.28 
SE aidedscnctantescsnens a mae ‘ie whens 13.60 


tt ee OD ee 


TABLE 22.—Acw Base Eovitiprium 





Hospital Case C.c. Nor- Alkaline Diagnosis 
Number mal HCl Reserve 





Syphilitie 
14148 0.0288 
14257 0.0267 
15547 b 0.025 
15808 0.029 
13500 5 

14201 

14168 0.0282 
14081 2 0.0256 
14338 0.0253 
14168 2 0.0251 
0.026 


Cerebrospinal syphilis 
Tabes 


Tabes; neuritis 

Tabes; atrophy 

Tabes 

Tabes 

Dementia paralytica 

Dementia paralytica 

Dementia paralytica 

Dementia paralytica; cardiac hypertrophy 
Syphilis 


SRLKRSL2ZRSz 
Roiviorwmnwwor 


14329* 
Nonsyphilitic 
14086 


: 0.0237 52. Diss. sclerosis 
15649 33 0.028 53. Diss. sclerosis 
14062 0.0238 53. Neurasthenia 
15817 55. Neurasthenia 
15797 \ 5. Constitutional inferiority 
14318 ’ 51.9 Neuritis of sciatic nerve 
14040 § ' 28.1! Narcolepsy 
13792 5 02 51. Brain tumor 
15817 O18 55. Brain tumor 
13715 iS : 5. Brain tumor 
13792 ’ 51. Brain tumor 
13987 7 0: Arteriosclerosis 
14021 ’ Y Pyelonephritis 
13987 
13986 ¢ 
14168 . . Paralysis gen. 
14229+ 
14021 és ~ Pyelonephritis 
14087 x 5. Pernicious anemia 
D. os 7 esee Diabetes 
18214 we 30. eee Diabetes 
ee x ecco Diabetes 
18299 ee J eee Diabetes 
- eee Diabetes 





* Alveolar COs, 35.4. ; 
+ Alveolar COs, 40.13 (a comparison of the alkaline reserve of the spinal fluid and blood) 


Levinson determined the alkaline reserve or the carbon dioxid 
combining power of the cerebrospinal fluid by the Van Slyke method. 
He shows that the alkaline reserve in nine pathologic (but nonmeningi- 
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tic) fluids varies between 45.7 and 63.0 volumes per cent. at 0 temper- 
ature, and at 760 barometric pressure. 

In our investigation, Van Slyke’s method was also used on nonpatho- 
logic and pathologic spinal fluids. The values for normal fluids (four 
in number) varied between 46.5 and 61.7, with an average of 53.1 c.c. 
carbon dioxid in 100 c.c. fluid. The values in thirty pathologic fluids 
are recorded in Table 21. 

Only eight values below 45 volume per cent. were encountered in 
this series, one case each of dementia paralytica, narcolepsy, tabes, 
pyelonephritis and five cases of diabetes mellitus (19.78, 30.69, 35.06, 
35.06, 13.6 c.c., respectively). In five cases of this series both the titra- 
tion and alkaline reserve method were utilized. Van Slyke’s method 
alone showed a decrease of the carbon dioxid combining power in three 
cases, while in the other two, diabetes and pyelonephritis, increased 
acidity was demonstrated by both methods. 


TABLE 23.—ALKALINE Reserve IN SPINAL FLum ANp BLoop 




















Hospital COs Volume per Cent. 100 = Sp. FI. 
No. Case - Diagnosis 
Spinal Fluid , Blood Blood 
{ 14086 31 52.6 64.2 81.9 Diss. sclerosis 
14329° 24 51.85 59.0 87.9 Syphilis 
Ai 4318 ~- 49 51.9 57.5 9.3 Neuritis of sciatic nerve 
14201 16 64.8 71.1 91.1 Tabes 
16440 os + 48.7 30.6 96.2 Chorea 
14021 §1 23.75 18.5 128.3 Pyelonephritis 
D.t - 19.78 27.9 70.9 Diabetes 
B } 18214 30.69 31.92 96.1 Diabetes 
18378 35.06 4.47 101.7 Diabetes 
1299 35.06 38.51 93.4 Diabetes 
35.52 31.9 111.27 Diabetes 
* COs alveolar air = 35.4; patient breathed very lightly. 


+ Blood and spinal fluid were taken right after death; alkaline reserve of blood before 
death was 27 e¢.c. 

The comparative results of the two methods are shown in Table 22. 

In Table 23 are shown the comparative results of a study of the acid 
base equilibrium of the cerebrospinal fluid and the blood. 

In series A, the blood throughout yielded normal values and con- 
sequently the acid base equilibrium of this group of cases closely approx- 
imates normal in all probability. In series B, on the other hand, acidosis 
was present in every instance. The presence is indicatéd in the values 
found both in the blood and the cerebrospinal fluid.*! 


CONCLUSIONS 


Under normal conditions the carbon dioxid carrying capacity of the 
cerebrospinal fluid is somewhat lower than that of blood, while in acidosis 
it is greater in some instances at least. Whether or not this indicates the 
operation of a mechanism for the protection of the nervous system is 
not yet clear. 
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FERMENTS 


The ferments of the blood have played a very minor role in medical 
diagnosis. Lipase has received the most attention. Whipple * and his 
co-workers made quantitative studies of the lipase in the blood and 
showed that it was definitely increased in the presence of deficient liver 
function. They considered an increase of diagnostic significance in 
eclampsia. It may also be increased in jaundice, pneumonia, peritonitis, 
leukemias, various infections, in atrophy or necrosis of the liver. Its 
value is lowered in cirrhosis of the liver. The ferment activity of the 
spinal fluid has received still less attention. As far as we are aware it 
has never assumed any clinical importance. 

Lipase in Spinal Fluid. —Clark and Garnier * in an article published 
in 1909 believed lipase to be present in cerebrospinal fluids. Pribram * 
made a test for lipase in spinal fluid from a patient with a cerebral 
tumor ; the test was negative. Galletta, however, claims to have found 
lipase in three of seven cases, while Clark found none. Kafka *° writes 
that even nonpathologic spinal fluids may contain diastatic, antitryptic 
and lypolitic ferments, though much less than the blood serum and the 
quantity is apparently independent of diseases other than those of the 
nervous system. In diseases of the central nervous system these fer- 
ments are present in increased numbers. Citron ** and Klinkert state 
that the spinal fluid of some paralytic cases with a positive Wassermann 
exhibits fat splitting properties. 

In our investigations of lipase, Whipple's quantitative method was 
used. 

41. The following references also bear on the subject of acid-base equi- 
librium : 

Fine, M. S., and Myers, V. C.: Comparative Distribution of Urea, Creatinin, 
Uric Acid and Sugar in the Blood and Spinal Fluid, J. Biol. Chem. 
37:239, 1919. 

Folin, O.: On the Determination of Creatinin and Creatin in Blood, Milk 
and Tissues, J. Biol. Chem. 17:475, 1914. 

Leopold and Bernhard: Studies in Chemistry of the Spinal Fluid in Chil- 
dren, Am. J. Dis. Child. 13:34, 1917. 

Marriott, W. McK.: A Method for the Determination of the Alkali Reserve 
of the Blood Plasma, Arch. Int. Med. 17:840 (June) 1916. 

Woods, Allan C.: Arch. Int. Med. 16:620 (Oct.) 1915. 

Zdarek, E.: Ein Beitrag zur Kenntniss der Cerebrospinalfliissigkeit, Ztschr. 
f. physiol. Chem. 35:201, 1902. 

42. Whipple, G. H.; Mason, V. R., and Peightal, T. C.: Tests for Hepatic 
Function and Disease Under Experimental Conditions, Johns Hopkins Hosp. 
Bull. 24:207, 343, 1913. 

43. Garnier: Compt. rend d. 1. soc. de biol., 55:1389, 1903. 

44. Pribram: Studien tiber das lipolitische ferment, Centralbl. f. inn. Med. 
31:4. 1910 

45. Kafka: Zur Biologie der Liquor cerebrospinal. Mitt. d. Hamb. Staats- 
irrenanstalt. 13:47. 

46. Citron; J., and Klinkert, D.: Ueber den biologischen Nachweis lipoider 
Substanzen, Berl. klin. Wehnschr. 47:1614, 1910. 
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Determination of Lipase.—Four tubes were used. To each at least 
1 c.c. spinal fluid was added and made up to 5 c.c. with distilled water. 
In some cases as much as 5 c.c. spinal fluid was used. To two of them 
2.6 c.c. ethylbutyrate was added, the other two tubes being controls. 
Toluol (0.3 c.c. for each tube) was used as preservative. The tubes 
were incubated at 37 C. for from enghteen to twenty-four hours. 
After cooling, the fluids were titrated with 0.1 normal hydrochloric 
acid, using azolitmin as an indicator and 1 c.c. micropipets as burets. 
The results are tabulated in Table 24. 


TABLE 24.—Lipase Content IN SPINAL FLum or Various DISEASES 





Control, | Number 
D of 


C.c. 

Number Diagnosis 0.01 HCl Number C.c. 
i 0.01 HC! Determi 
nation 


D 

>? 
5 

= 


Cerebrospinal syphilis 
Cerebrospinal syphilis 
Cerebrospinal syphilis 
Ocerebrospinal syphilis 


Secondary syphilis 

Tertiary syphilis 

Syphilis 

Congenital syphilis 

Blood Wassermann positive, spinal 
fluid negative 

Friedrich’s ataxia 

Crutch paralysis 
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Hemiplegia 
Nonsyphilitie 
Nonsyphilitic. 
Aneurysm....... 
Osteomyelitis... .. 
Diagnosis deferre« 
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CONCLUSIONS 

In only two fluids among twenty-six was the presence of any lipase 
even suggested. 

Diastase —Cavazzani ** found diastase present in the spinal fluid of 
a dog. Panzer and Lewandowsky obtained negative results in two 
cases of hydrocephalus. Lutkye found it present in one case of cerebro- 
spinal meningitis. Kafka ** noted higher amounts in paresis and in 
dementia praecox. 

The method of Myers and Killian *® was used ir: making our deter- 
mination, 


47. Cavazzani: Weiteres iiber die Cerebrospinalfiussigkeit, Centralbl. f. 
Physiol. 10:145, 1896. 

48. Kafka, V.: Mitt. d. Hamb. Staatsirrenanstalt 13: 47. 

49. Myers, V. C., and Killian, J. A.: Studies on Animal Diastase, J. Biol. 
Chem. 29:179, 1917. 
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Four 1 c.c. samples of cerebrospinal fluid are taken, two being used 
as controls. The control tubes are made up to 5 c.c. with distilled water ; 
the other tubes to 4 c.c. and all four tubes are then placed in a water 
bath of 40 C. As soon as the contents are brought to this temperature, 
1 c.c. of 1 per cent. soluble starch solution is added to the tubes to be 
tested, and after mixing the tubes are incubated at 40 C. for exactly 
thirty minutes. Subsequently, Benedict’s quantitative blood sugar 
method is applied to all four tubes. Of thirty determinations all but two 


TABLE 25.—DererMINATION oF DIASTASE IN SPINAL FLUID 
or Various DISEASES 


Sugar Sugar Diastase 
Number per Cent. per Cent. Sugar Diagnosis 
Plus Without per Cent. 

Stareh Starch 





City Hosp. 0.000 . Y Tuberculous meningitis 
City Hosp. 0.000 J | . Epidemic meningitis 
M. C. H. 0.598 
8. Cc. 0.0052 Epidemic meningitis 
17865 0.0483 0.0023 Fracture case 
M. L. 0.0464 0.0084 Multiple sclerosis 
18072 0.0626 0.052 Tabes 
0.0870 Y 0.0054 Chronic arthritis 
0.0558 0.0056 
0.0608 5360 .536 0.0067 Petit mal 
0.0655 0483 0.0073 Neurasthenia 
0.117 \ 0.008 | Epilepsy 
0.0644 O4E 0.0086 | Aneurysm, syphilis 
0.089 . 0.009 Paresis 
0.0615 0.0097 Nephritis 
0.0465 v 0.0108 Epidemic meningitis 
0.060 . 0.012 Encephalitis 
0.063 J 0.014 Fpidemie meningitis 
0.0799 OE 0.0143 Jaundice 
0.083 0.0202 
0.080 ; . | 0.083 Multiple neuritis 
0.0962 O78 0.0232 | Tabes, angina pectoris 
0.108 0.029 Spastic torticolis 
0.100 . 0.081 Probable lethargic encephalitis 
0.004 . 0.0844 | Méniere’s disease 
0.1084 0.0388 
0.100 0.0876 Normal 
0.143 0.045 Diagnosis deferred 








fluids showed the presence of diastase. The highest amount was 0.0564 
per cent. in a case of spastic torticollis. One case of paresis gave a low 
amount of 0.009. Fluids from cases of meningitis gave low readings, 
0.0023, 0.0103, 0.014, and 0.000 in two cases. 

Table 25 shows definitely that there is no regularity between the 
diastase content and the quantity of sugar. 

Comparing the diastatic activity of normal spinal fluid with that of 
blood (Myers and Killian’s value for normal diastatic activity, 0.0825 
per cent. being accepted as the basis for normal blood activity) we find 
that the diastatic activity of cerebrospinal fluid is 21.9 per cent. of that 
of the blood.*° 


50. Leschke and Pincussohn: Untersuchungen tiber die Fermente der Cere- 
brospinalfliissigkeit des Menschen, Deutsch. med. Wehnschr. 43:8, 1917. 
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Trypsin.—Panzer,"* Leopold and Bernhard,®* and Schuetz * all 
found no proteolytic enzyme in spinal fluid. Link and Pollak ** report 
finding a peptolytic enzyme in normal cerebrospinal fluid. (Index = 1, 
rarely ==0; the index for normal blood varying from 10 to 20). In 
three cases of hydrocephalus and one case of spina bifida examined for 
the presence of pepsin or trypsin, Halliburton ®’ found no trace of 
either. Miller found no proteolytic enzyme or antienzyme in normal 
cerebrospinal fluid. Douchez ** thought the tryptic ferment present, 
Kafka *’ thought it absent. 

We added a 0.5 per cent. solution of casein in 0.5 per cent. solution 
of sodium bicarbonate, and incubated the fluids for twenty-four hours 
at 37 C. Subsequent addition of four drops of 10 per cent. acetic acid 
produced a cloud in every spinal fluid. Even using as small a quantity 
as 0.25 c.c. casein solution, and as large a quantity of cerebrospinal fluid 
as 4 cc. the results were still negative. Change of the py of the test 
solution by adding 0.5 per cent. sodium bicarbonate did not alter the 
results. Thus our experiments for trypsin showed the absence of this 
enzyme in the spinal fluid. 

SPECIFIC GRAVITY 
Specific gravity determinations were first made on the spinal fluid 


of the dog and the calf. Cavazzani** in the one specimen he analyzed 
found the specific gravity 1.009 (in the evening) and 1.012 (in the 


morning). Narvatzki °® determined the specific gravity in 12 specimens 
using a pycnometer at a temperature range of from 22 to 26 C. He 
found the specific gravity varied from 1.0075 to 1.0080. The deter- 
mination of specific gravity of human spinal fluid has been carried out 
by Landau and Halpern ® in twenty-two cases. They neglect, however, 


51. Panzer: Zur Kenntniss der Cerebrospinalfliissigkeit, Wien. klin Wehnschr. 
11:805, 1899. 

52. Leopold, T. S., and Bernhard: Chemistry of Spinal Fluid of Children. 
Am. J. Dis. Child. 13:34 (Jan.) 1917. 

53. Schuetz: Proteolytische Fermente in Cerebrospinalfliissigkeit, Centralbl. 
f. inn. Med, 23:1161, 1902. 

54. Link, R., and Pollak, L.: Ueber das Vorkommen von peptolytischen 
Fermenten in Exudaten und dessen diagnostische Bedeutung, Deutsch. Arch. f. 
klin. Med, 109:350, 1912. 

55. Halliburton, W. D.: Cerebrospinal Fluid, J. Physiol. 10:232, 1889. 

56. Douchez, A. R.: Proteolytic Enzymes and Anti-Enzymes of Normal and 
Pathological Cerebrospinal Fluids, J. Exper. M. 11:718, 1909. 

57. Kafka, V.: Zur Biologie des Liquor cerebrospinalis, Neurol. Centralb! 
31:627, 1912; Mitt. d. Hamb. Staatsirrenanstalt 13:47. 

58. Cavazzani: Weiteres tiber die Cerebrospinalfliiessigkeit, Centralbl. f 
Physiol., No. 6, 145, 1896. 

59. Narwatzki: Zur Kenntniss der Cerebrospinalfliissigkeit, Ztschr. f. 
Physiol. Chem. 23:532, 1897. 

60. Landau and Halpern: Beitrag zur Chemie der Cerebrospinalfliissigkeit, 
Biochem. Ztschr. 9:72, 1908. 
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to mention all details pertaining to the accuracy of their determinations. 
Hence their results (specific gravity, from 1.005 to 1.009) are open to 
criticism. 

Table 26 represents the average vaiue for specific gravity of 
cerebrospinal fluid as given by a number of investigators. 

In our work the specific gravity was estimated with a capillary 
pycnometer of about 2 c.c. capacity devised by Ostwald, and the specific 
gravity of water was determined simultaneously with that of spinal 
fluid to avoid a possible error due to the changes of temperature. 
Twenty-nine cerebrospinal fluids, normal and pathologic, were exam- 
ined and the specific gravity found practically alike in all cases. The 
lowest reading (in a case of leukemia) was 1.0080; three cases (sarcoma 


‘ 
TABLE 26.—SpPeciric Gravity or Spinat Fiuip 


Ch. Riechet - ‘ . buat . ‘“ 1.006 
SEAN . nesbindesée acs ave 1.0065 
Toison e. Lenoble *.......,........- peesne itakeinn ‘ 1.007 
Lassaigne <s , ‘ . atedana : 1.008 
. > eceene ‘ 1.006 
Ul - seguetwane Lor 
Widal and Sicare................. : : pape : 1.004 
; , . 1.006--1.007 
1.0086 


of base of brain, dementia paralytica and pyelonephritis, respectively ) 
had a specific gravity of 1.0088. Twelve of the twenty-nine fluids had 


a specific gravity of 1.0086, which also was the average of all 
determinations. 


Comparison of Specific Gravity of Cerebrospinal Fluid and Blood. — 
In adult human beings the specific gravity of blood serum ranges 
between 1.045 and 1.075, with an average of 1.058 ( Hammersten).% 
Taking for comparison 1.058 as specific gravity of blood and 1.0086 as 
specific gravity of spinal fluid, the ratio between the specific gravities 
of these two fluids is 95.35. 


CONCLUSIONS 

In the cerebrospinal fluid in syphilis no constant deviation from 

normal is encountered in sugar creatinin or urea content, in acid base 
equilibrium, in specific gravity, or in enzymatic activity. 


61. Toison and Lenoble: Note sur la structure et sur la composition du 
liquide cephalorachidien chez homme Compt rend. soc. de biol. 43:373, 1891. 
62. Hammersten: Physiological Chemistry, 1914. 














AN ANALYSIS OF NINETY CASES OF 
FUNCTIONAL DISEASE IN SOLDIERS * 


JOHN M. SWAN, M.D. 
ROCHESTER, N. Y, 


In “The Wrong Twin,” by Harry Leon Wilson, there is a character, 
a civil war pensioner, who seems of particular interest at the present 
time. Judge Penniman, whom Dave Cowan called “old Flapdoodle,” 
had been granted a pension for his services in the Civil war. The 
Judge had been obliged to abandon all thoughts of a career. “He 
had been debarred by obscure ailments from active participation in our 
industrial strife.” He could never perform the least work that required 
muscular effort; but he could always go to the harness shop for his 
game of checkers. He complained of sciatica and of various other 
painful symptoms, “neuralgia mebbe.” He always had the most com- 
fortable chair available and was peevish if anyone else took it; he 
always demanded consideration and sympathy from his wife, whose 
earnings as a dressmaker, and his daughter, whose pay as a school 
teacher, served to piece out the income from the pension bureau. He 
always took the newest patent medicines: those containing the highest 
alcohol percentage preferred. As “Old Doc Purdy” said: “I had to 


think up some things that would get the old cuss his money, and 


? 


dummed if he didn’t take it all serious and think he did have ’em 
It seems to me that the medical profession has an obligation to 
prevent, as far as may be, the development into chronic invalids of 
men discharged from the military service in the past two years and who 
are at present suffering from functional disease. It is as a contribution 
to the understanding of this problem that the present paper is offered. 


MATERIAL 
The study herewith presented is based on thirty-two cases which 
were referred to me for examination by the chief of the medical service 
or by the president of the disability board of Base Hospital 19 while it 
was operating in France, and fifty-eight cases referred to me between 
May 15 and December 31, 1920, in my capacity as group internist, U. S. 
Public Health Service in Rochester, New York, by the acting assistant 
surgeons, Dr. Arthur P. Reed and Dr. Edgar W. Phillips. 
In the former thirty-two cases there is only a record of the principal 
symptomatology and the findings on physical examination. In the 
other fifty-eight cases more complete clinical investigations were made. 


* Read at the Thirty-eighth Annual Meeting of the American Climatological 
and Clinical Association, Lenox, Mass., June 3, 1921. 
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Age.—Five of the men were under 20 years of age; thirty-one were 
between 20 and 24; thirty-three between 25 and 29; seventeen between 
30 and 35; three over 35; and the age of one was not recorded. 

Occupation—Table 1 gives the prewar occupations of fifty-eight 
patients. Thirty-eight, 65.5 per cent., had been engaged in sedentary 
occupations, as follows: Clothing industry: one lining cutter. Sub- 
sistence industries: one waiter, one meat cutter, two cooks, one baker. 
Manufacturing industries: two machine operators, four instrument 
adjusters and assemblers of various kinds, one paper coater, one glass 
polisher, one automobile mechanic, one tire maker. Printing industry: 


one linotype operator, one lithographer. Merchant class: two managers, 
one merchant, one buyer. Clerk class: eight. Students: two. Mis- 


TABLE 1.—OCCUPATIONS 





No. 
1035 Cook 
1036 Lining cutter 
1040 Laborer 
1041 Machine operator 
1042 Linotype operator 
1043 Farmer 
1045a Stationary engineer 
1047 Rigger and dock builder 
1053 Buyer 
1055 Night watchman 
1058 Lithographer 
1060 Cigar maker 
1067 Painter 
1069 Automobile mechanic 
1073 Machinist 
1078 Plumber 
1081 Retail clothing merchant 
1082 Cook 
1085 Painter 
1086 Advertising manager 
1088 Clerk 
1094 Carpenter 
Machinist 
Glass polisher 
Shipping clerk 
Telephone switchboard assembler 
Electrician 
Farmer 
Baker 


Camera assembler 

Farmer 

Clerk 

Clerk 

Painter 

Machinist 

Inspector in machine shop 
Paper coater 

Clerk 

Student 

Elevator erector 

Clerk 

Telephone assembler 
Manager of store 

Student 

Painter 

Farmer 

Tire maker 

Laborer 

Draftsman 

Driver of delivery wagon 
Shipping clerk 

Adjuster of scientific instruments 
Waiter 

Farmer 

Stock clerk 

Meat cutter 

Farmer 

Gear cutting machine operator 
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cellaneous: one driver of delivery wagon, one draftsman, one stationery 
engineer, one night watchman, one inspector, one cigar maker. Twenty 
(34.4 per cent.), had been engaged in nonsedentary occupations, as 
follows: Farmers: six. Laborers: two. Rigger and dock builder: one. 
Building industries: four painters, one carpenter, one plumber, one 
electrician, one elevator erector. Manufacturing industries: three 
machinists. 

Family History—The family histories of fifty-eight cases were 
studied. Of these twenty-eight were negative. Of the remaining thirty, 
51.7 per cent., eighteen gave a history of nervous disease; four, of 
goiters, and six of both. Of those who had a family history of 
nervous disease, there was one in which there was insanity, one in 
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which there was suicide, two cases of cerebrospinal syphilis, one case 
each of alcoholism, meningitis, melancholia and diabetes. Three 
families had deaths from carcinoma and two families had deaths from 
tuberculosis. In one case the patient’s father and a brother had had 
gastro-intestinal attacks, and another brother had had convulsions in 
infancy. 

Previous History.—Table 2 gives the details of the previous his- 
tories of the ninety cases. In the analysis of these histories, only those 
diseases from which the patients had suffered since mobilization or 
those that had occurred within a year or two before mobilization are 
considered as having a possible etiologic significance on the condition 
for which the men applied for treatment. 

In the first place, in only six is the previous history negative. All 
had been gassed, had had attacks of acute infectious disease, or had 
been wounded, with those exceptions. Twenty-four had had frequent 
attacks of tonsillitis; fourteen had had tonsillectomies ; twenty had had 
frequent attacks of coryza or bronchitis; eight had had dysentery; 
nineteen had had influenza; twelve had had pneumonia; two had had 
boils; seven had had malaria; ten had had acute articular rheumatism; 
one had had gonorrheal rheumatism; three had had trench fever; one 
had had erysipelas; one had had septicemia; four had had catarrhal 
jaundice ; five had had scarlet fever; one had had mumps; one had had 
cerebrospinal meningitis; one had had typhoid fever; four had had 
diphtheria ; one had had rattlesnake bite; two had had goiters ; one had 
had laryngitis; one had had diarrhea; two had had indefinite febrile 
attacks ; two were tuberculosis suspects; three had had pleuritis; two 
had had otitis media; and seven had had operations: one gastroenter- 
ostomy ; one mastoid operation, three appendectomies, one herniotomy ; 
one had had six operations for the removal of foreign bodies in addition 
to shock and considerable hemorrhage at the time he was wounded. 

Of the ninety men, fifty had been in action and forty had not been 
under fire. (Of the fifty who had been in action. fifteen had received 
wounds ; twenty-one had been gassed ; and four had been both wounded 
and gassed. 

In only ten cases was there a history of overuse of alcohol and of 
these two were questionable. In twenty-one cases there was a history 
of overuse of tobacco; one of which was questionable. 

Chief Complaint—In fifty-eight cases, the chief complaint was 
recorded. Pain was the most frequent symptom for which the patients 
consulted a physician; twenty-two placing pain as their chief cause of 
distress. In eleven cases the pain was in the chest: Precordial pain, 
four; precordial pain with headache, one; precordial pain and lack of 
ambition, one; retrosternal pain, two; chest pain with cough and expec- 





TABLE 2.—PREVIOUS HISTORIES 
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ase No, 


Fainted in action 

Negative 

Tonsillitis, gassed 

Pneumonia, gunshot wound 

Typhoid fever, scarlet fever, acute articular rheumatism, gassed 
Pneumonia, gunshot wound 

Gunshot wound 

Diarrhea (2 attacks) 

Gassed 

Negative 

Diphtheria, catarrhal jaundice, gunshot wound 

Goiter, gunshot wound 

Gassed and gunshot wound 

Scarlet fever 

Tonsillitis, diphtheria, gunshot wound 

Pneumonia, acute articular rheumatism 

Pneumonia, acute articular rheumatism, gunshot wound 
Rattlesnake bite, indefinite fevgr, gunshot wound. 
Acute articular rheumatism, tonsillitis, scarlet fever 
Tonsillitis, diphtheria, influenza 

Malaria, tuberculosis 

Tonsillitis, gunshot wound 

Pneumonia, diphtheria, gunshot wound 

Malaria 

Malaria 

Negative 

Laryngitis 

Bronchitis, indefinite fever 

Gassed 

Negative 

Scarlet fever, influenza 

Tonsillitis, acute articular rheumatism 

Influenza, tonsillectomy, gastro-enterostomy 

Tonsillitis, tonsillectomy, influenza 

Gassed 

Gassed, gunshot wound 

Bronchitis, pneumonia, tuberculosis (suspect), pleurisy 
Dysentery, boils . 

Malaria, tonsillitis, tonsillectomy, influenza 
Gonorrheal rheumatism, bronchitis, gassed 

Acute articular rheumatism, appendectomy, gassed 
Bronchitis 

Tonsillectomy, gunshot wound 

Tonsillectomy, otitis media 

Tonsillitis, tonsillectomy, influenza 

Dysentery, gunshot wound 

Tonsillitis 

Pleuritis, gassed 

Dysentery, acute articular rheumatism 

Acute articular rheumatism, influenza (2 attacks), mastoid operation 
Tonsillectomy with nasal operation, otitis media, gassed 
Influenza, pleuritis, coryza 

Bronchitis, trench fever, gassed 

Bronchitis 

Appendectomy, tonsillectomy, infected wound 
Bronchitis, influenza 

Dysentery, bronchitis, influenza 

Bronchitis, tonsillitis, tonsillectomy, influenza, gunshot wounds 
Shock and hemorrhage, 6 operations for foreign bodies, gunshot wounds 
Tonsillitis, tonsillectomy, mumps 

Tonsillitis, acute articular rheumatism, influenza, erysipelas, gassed 
Influenza 

Dysentery, tonsillitis, gassed, gunshot wound 
Pneumonia, influenza, malaria 

Pneumonia, malaria, tonsillitis, tonsillectomy, boils 
Trench fever, gassed 

Pneumonia, tonsillitis, septicemia 

Bronchitis 

Goiter 

Bronchitis, influenza, catarrhal jar~ ‘ice 

Tonsillitis, nasal operation, catarr: jaundice, gassed 
Appendectomy, gassed, gunshot d 

Bronchitis, tonsillitis 

Scarlet fever, gassed 

Negative 

Dysentery, gassed 

Dysentery, malaria, acute articular rheumatism, bronchitis, gassed 
Dysentery, bronchitis, gassed 

Influenza, gunshot wound 

Bronchitis, tonsillitis, tonsillectomy, gassed 

Bronchitis, influenza, gassed 

Tonsillitis, gunshot wound 

Bronchitis, cerebrospinal meningitis 

Tonsillitis, tonsillectomy, melancholia, always sick and weak 
Tonsillitis, trench fever, gassed 

Influenza, pneumonia 

Pneumonia, bronchitis, gassed 

Pneumonia, bronchitis, influenza, catarrhal jaundice 
Negative 

Bronchitis, influenza, tonsillitis, pneumonia 
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toration, two; pain in lower border of left chest, one. In four cases 
the pain was in the abdomen: right lower abdominal quadrant, one; 
left upper abdomen, one; general abdominal pain with pyrosis, one; 
pain in “stomach” and knees, one. In three cases the pain was in the 
back: “soreness in side and back,” one; pain in the back, one; pain in 
the back associated with nervousness, one. Pain in the right shoulder 
and nervousness, one. One patient complained of pain in the right 
wrist; one complained of pain in the neck and shoulders; and one 
complained of pain in both legs. 

Weakness was the next most frequent complaint; eleven patients 
complaining of this symptom. Two complained of weakness only; one 
each of weakness and headache, weakness and dyspnea, weakness anc 
sweating, weakness and pain in the chest; weakness and nervousness, 
lack of “pep,” lack of “stamina,” easily tired and “general run down 
condition.” Nine patients complained of palpitation—four of palpitation 
alone and five of palpitation and dyspnea. Four patients complained of 
“stomach trouble”: “stomach trouble,” one; “stomach trouble” and cold 


hands and feet, one; loss of appetite, one; indigestion, one. Two com- 
plained of nervousness. Three complained of dyspnea, one of them 
calling it “smothering and sinking spells.” Of the remainder, one each 
complained of cough and expectoration, frequent micturition, headache, 
skin eruption and enlargement of the right posterior cervical lymph 


nodes. One patient on discharge had been told that he had heart 
disease; and one came for examination for pension by one of the 
allied governments. 

Methods of Development.—The following cases may be taken as 
typical of the development of the cases forming this group of functiona! 


diseases. 
REPORT OF CASES 

Case 1—A man, aged 23, was gassed July 11, 1918. He was admitted to 
Base Hospital 19 four days later. He had some cough and a few rales over 
the larger bronchi, but was apparently doing well until five weeks later, when 
he had a sudden pain in his left side, accompanied by surface coldness and 
sweating. Since then he had complained of paroxysmal duil pain in the chest, 
which radiated down the right side of the sternum and across the base of the 
chest. It did not radiate to the neck or the arms. This pain frightened him. 
He also complained of dyspnea, palpitation and arrhythmia. 

Case 2.—A man, aged 20, was admitted to Base Hospital 19 Aug. 7, 1918, for 
gunshot wound of the hand. He had enlisted in the National Guard, State of 
Michigan, in 1917, and in October was transferred to the medical department 
from the infantry on account of goiter. After about four months treatment, 
the goiter became smaller, and he was transferred back to the infantry. In 
April, 1918, he noticed that his goiter was beginning to return, and he began to 
complain of blurring of vision, which interfered with his marksmanship, and 
black specks before his eyes. He also complained of frontal headache, thumping 
in the back of his head, dyspnea and palpitation of the heart on exertion. 
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Case 3.—A man, aged 26, was admitted to Base Hospital 19 July 31, 1918, for 
gunshot wound of the calf of the left leg and exposure to phosgene gas. He 
complained of sharp paroxysmal precordial pain, always once a day, sometimes 
more frequently. He also complained of pain in the left side of the neck and in 
the left arm, dyspnea and palpitation of the heart on exertion, and spontaneous 
and nocturnal dyspnea with subjective arrhythmia. 

Case 4.—A man, aged 25, was admitted to Base Hospital 19, Sept. 25, 1918, 
for a wound in the right chest incurred in action September 12. While in Base 
Hospital 19 he did well; the wound healed without operative procedure. When 
he was first allowed out he noticed dyspnea on exertion and palpitation of the 
heart. These symptoms increased and were later attended with shooting 
pains in the chest, slight cough, with the expectoration of a yellowish mucus 
without blood, occasional nausea and nervousness. 

Case 5.—A man, aged 24, was admitted to Base Hospital 19 for laryngitis. 
From the time of his induction into the service he had been in hospitals most of 
the time. The laryngitis was thought by Major Edward L. Hanes, the neurol- 
ogist and president of the disability board, to be hysterical. He complained of 
indefinite chest pain, occasional cough, expectoration and arrhythmia. 

Case 6.—A man, aged 29 years, who claimed to have been perfectly well 
before he was inducted into the service, began to complain of attacks of 
trembling, headache, palpitation and dyspnea as the result of hikes in training 
camp and following the second dose of antityphoid vaccine. The first attack 
came on during the night, wakening him, and lasted about fifteen minutes. He 
felt tired and nervous after it and did not go to sleep again that night. The 
next day he went out to drill, and while doing double time, he became dizzy and 
fell down. He was put on light duty; but had similar attacks two or three 
times a week. On his return to full duty, he had the attacks at night and some- 
times in the daytime. During the voyage to France, and for the first week after 
landing, he felt pretty well, but as soon as training began, the attacks returned 
with increasing severity. He denied that fear played any part in the production 
of the attacks. He was returned to the United States as a sick casual. The 
attacks continued after his return to the United States and persisted for thirteen 
months after his discharge. 

Case 7.—A man, aged 24, who had been in two major offensives and in the 
third Army, and had been wounded, noticed that he was nervous about six 
weeks after his discharge. His heart beat too fast, he would get out of breath 
when he was hurried or excited, and his hands trembled. He also complained 
of being weak and tired, and of loss of weight. These symptoms had been 
present for a year at the time of his first examination. 

Case 8.—A man, aged 27, was assigned to the horseshoer’s school at one of 
the camps. In the latter part of 1918, he began to complain of frequent 
micturition, passing urine from eight to sixteen times a day and from one to 
three times at night. About two weeks later, he began to wet the bed and to 
dribble in the daytime. The symptoms persisted twenty months after his 
discharge. While discussing his symptoms he began to cry. He said that he 
had lost two jobs since his discharge from the army; a thing that had never 
happened before. He said that at the horseshoer’s school he had to work 
with mules that had never been shod before, and that sometimes it was necessary 
to have twelve men hold an animal while he was being shod. Every day men 
were knocked out while at this work and some men were killed. This work 
got on his nerves and he became afraid of the animals. 

Case 9.—A man, aged 27, answered sick call a good deal while in the service. 
His feet hurt him and he could not do much guard duty or drill. About a 
month after his discharge he began to complain of attacks characterized by a 
rising in his chest which came up to the top of his breast bone and choked him, 
making him short of breath and “awful” nervous. The attacks came on about 
one-half hour after eating. He had vomited but once-—during the first attack. 
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Case 10.—A man, aged 29, was gassed in action. He recovered and returned 
to duty. About five months later, he was hospitalized with general edema, 
delirium and suppression of urine, and a diagnosis of nephritis was made. 
Eighteen months after his discharge he was complaining of pain in his back, 
nervousness, vertigo, tinnitus, black specks and flashes of light, nasal discharge, 
bad taste in his mouth, cough with the expectoration of yellowish mucus, loss 
of weight, dyspnea and palpitation on exertion and excitement, abdominal 
cramps with pyrosis and nausea, gas in his stomach, loss of memory, anxiety and 
ugly temper. 

Case 11—A man, aged 25, had pneumonia three weeks after reporting at the 
training camp. After recovery he was assigned to an infantry company and 
found that he could not carry his pack or do long hikes. He began to complain 
of palpitation, dyspnea and dull precordial pain as soon as he was out of bed. 
Two years after his discharge he was still complaining. 


SYMPTOMATOLOGY 

The symptoms brought out by questioning were: loss of conscious- 
ness, twelve cases; headache, forty-seven cases; tinnitus, twenty-one 
cases ; vertigo, fifty cases; chest pain, fifty-one cases; dyspnea, sixty- 
seven cases; palpitation, sixty-six cases ; subjective arrhythmia, twenty- 
two cases; cough, fifty cases; expectoration, thirty-nine cases ; abdom- 
inal pains, twenty-one cases ; nausea, twenty-one cases ; vomiting, eleven 
cases; sweating, thirty-one cases; nervousness, fifty cases; anorexia, 
twenty-seven cases ; insomnia, thirty-eight cases ; constipation, fourteen 
cases; diarrhea, ten cases; alternating constipation and diarrhea, four 
cases ; sensation of shaking, one case ; amblyopia, five cases. 

An analysis of the cases that presented chest pain showed that it 
was precordial in thirty-three; retrosternal in eight ; in the right chest 
in two; below the right scapula in one; indefinite in three, and in one 
each it was described as “soreness,” “a depressed feeling in the chest,” 
a sensation of “squeezing,” and in the lower chest. Two patients com- 
plained of pain in the neck. 

Fifty of fifty-eight patients were not in the habit of bathing with 
sufficient frequency, and thirty-seven habitually took little or no 
exercise. 

Physical Signs —The physical signs may be divided into three 
groups: First, a group of general nutritional and developmental dis- 
turbances; second, a group indicating disturbance of the endocrine 
system ; and third, a cardiovascular group. 

Nutritional and Developmental Disturbances.—Of the fifty-eight 
cases in which this was studied, forty-five, or 77.5 per cent., were 
underweight, thirty-eight less than twenty-five pounds ; seven more than 
twenty-five pounds; maximum, thirty-nine pounds; minimum, one 
pound. Six were normal in weight for their age and height. Seven 
were overweight: Maximum, twenty-one pounds; minimum, two 


pounds. 
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Table 3 shows the frequency of enlargement of the superficial lymph 
nodes. The enlargement was always small, amounting to an ability to 
palpate the glands. The posterior cervical and inguinal enlargements 
may be disregarded as this enlargement is almost universal. The 
axillary lymph nodes were palpable in twenty-four cases ; the epitroch- 


TABL LE 3.—PALPABLE SU P PERFIC I AL LYMPH NODES 


Case No. Nodes Enlarged 


1035 Posterior cervical, axillary inguinal 

1036 Posterior cervical 

1040 Epitrochar, inguinal 

1041 Posterier cervical 

1042 Posterior cervical, xu ht axillary, right epitrochlear, inguinal 
1043 Posterior cervical, t epitrochlear, inguinal 

1045a Posterior cervical, a inguinal 

1047 Posterior cervical, axillary, inguinal 

1053 None 

1055 Posterior cervical, axillary, inguinal 

1058 Posterior cervical, axillary, inguinal 

1060 None 

1067 Posterior cervical, axillary, inguinal; epitrochlears questionable 
1069 Posterior cervical 

1073 Posterior cervical, right axillary, inguinal 

1078 Posterior cervical, axillary, inguinal 

1081 Posterior cervical, inguinal 

1082 Posterior cervical, inguinal 

1085 Posterior cervical, inguinal 

1086 Right posterior cervical, right anterior cervical, inguinal 
1088 Posterior cervical, inguinal 

1094 Posterior cervical, axillary, epitrochlear, inguinal 

1096 Inguinal 

1097 Posterior cervical, axillary, left epitrochlear, inguinal 
1099 Posterior cervical, inguinal 

1100 Posterior cervical, inguinal * 


Posterior cervical, left supraclavicular, axillary, epitrochlear, inguinal 
Posterior cervical, left supraclavicular, epitrochlear, inguinal 

Posterior cervical, supraclavicular, epitrochlear, inguinal 

None 

Posterior cervical, epitrochlear, inguinal 

None 

Posterior cervical, supraclavicular, epitrochlear, inguinal 

None 


Posterior cervical, axillary 

Posterior cervical, supraclavicular, left axillary, epitrochlear, inguinal 
Posterior cervical, inguinal 

Posterior cervical, axillary, right epitrochlear, inguinal 

Posterior cervical, inguinal 

Posterior cervical, axillary, inguinal 

Posterior cervical, axillary, Pm A epitrochlear, inguinal 

46 Posterior cervical 

148 Posterior cervical, supraclavicular, axillary, epitrochlear, inguinal 
1150 Posterior cervical, supraclavicular, epitrochlear, inguinal 

1151 Posterior cervical, epitrochlear, inguinal 

1152 Posterior cervical, supraclavicular, inguinal 

1156 Posterior cervical, axillary, inguinal 

1169 Posterior cervical, inguinal 

1170 Posterior cervical, epitrochlear, inguinal 


Phew ww WRN ND He ee 
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1171 Posterior cervical, inguinal 

1172 Posterior cervical, inguinal 

1173 Posterior cervical, axillary, left epitrochlear, inguinal 
1174 Posterior cervical, axillary, epitrochlear, mguinal 
1175 Posterior cervical, axillary, epitrochlear, inguinal 
1176 Posterior cervical, axillary, epitrochlear, inguinal 


lears in twenty-three; the anterior cervicals in one case; and the supra- 
claviculars in eight cases. There were no palpable superficial lymph 
nodes in five cases. Among the other signs in this class were noted: 
High palatine arch, three cases; scoliosis, one case; anteroposterior 
spinal curve, one case ; hypertrichosis, two cases ; hypospadias, one case ; 
short stubby fingers, one case; spaced teeth, three cases; phimosis, 
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one case. One patient was a stutterer and one presented moderately 
marked gastrectasia. 

Endocrine Group.—Lost occipitofrontalis control, twenty-nine cases ; 
Dalrymple’s sign, twenty-nine cases; nystagmus, twenty-five cases; 
Mobius’ sign, fourteen cases; von Graefe’s sign, six cases; the ocular 
movements were irregular in fifteen cases; blepharospasm, four cases ; 
lacrimation, four cases; too frequent winking, six cases; exaggerated 
reaction to light, one case. The ocular movements were normal in 
thirty-one cases, or 34.4 per cent. Pigmented eyelids were noted in two 
cases, Tremors were present in varying combination: In the eyelids, in 
fifty cases ; in the tongue, in thirty-five cases ; in the hands, in thirty-three 
cases ; in the lips in eleven cases. There was a general muscular tremor 
in five cases. There was a tremor of the fibers of the occipitofrontalis 
muscle in two cases; and athetoid movements of the tongue were noted 
in two cases. Twenty-one patients, 23.3 per cent. showed no tremors. 
Dermographia was present in varying intensity in fifty-five cases ; goiter 
was present in forty-five cases, or 50.0 per cent.; of these the goiter 
was large in five cases. The thyroid body was palpable with difficulty 
in five cases. Exophthalmus was present in two cases. 

Cardiovascular Group—The oblique diameter of cardiac dulness 
was under 15 cm. in seventy-eight cases ; in.twelve it was over 15 cm.; 
maximum, 17.5 cm. Murmurs were present in nineteen cases: 
“Systolic murmur heard all over the precordium in the standing 
posture; not heard in the recumbent posture,” three cases. “Soft sys- 
tolic murmur all over the body of the heart,” five cases. “Systolic 
murmur at the apex transmitted into the axilla, in the second left 
interspace, and over the body of the heart,” one case. “Soft systolic 
murmur in the second left interspace,” eight cases. “Soft systolic 
murmur at the apex in the standing posture, disappears in the recum- 
bent posture,” two cases. The aortic diastolic sound was louder than 
the pulmonary diastolic sound in thirty-two cases; the pulmonary 
diastolic sound was louder than the aortic diastolic sound in twenty 
cases; and the two sounds were equal in thirty-three cases. No note 
was made in five cases. Extrasystoles were present in five cases and a 
sinus arrhythmia in four cases. 

Pulse: Table 4 gives the pulse rates of these patients in the recum- 
bent posture, the standing posture, after exercise and after two 
minutes rest. In the V series of cases exercise consisted of mounting a 
flight of twenty-four steps, each step 6%4 inches high; equivalent to 
lifting the patient’s body thirteen feet. In the other cases, exercise 
consisted of twenty-five stationary hops on each foot. In the recum- 
bent posture thirty-one patients had a pulse rate of over eighty ; twenty- 
nine had a pulse rate of under seventy; and thirty had a pulse rate of 








TABLE 4—PULSE RATES 








: Increase Per Cent. of 
Recumbent Standing After After Two Increase on After Increase 
Exercise Minutes Standing Exercise on Standing 
22 46 
20 
28 
10 
20 
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between seventy and eighty, inclusive. This table shows the increase 
per minute in the standing posture and after exercise (pulse counted 
4 minute), and gives the percentage of increase produced by the change 
from the recumbent to the standing posture. I have analyzed the 
increase in the pulse rate on standing in another communication.’ In 
the former series, the increase on standing was in excess of twelve beats 
(taken as normal) in thirty-nine out of ninety-six observations, or 40.6 
per cent. In this series, the increase on standing was above twelve 
beats in forty-nine out of sixty-seven observations, or 73.1 per cent. 
In fifty-two cases in which the increase on standing and after exercise 
is recorded, that produced by changing the position formed more than 
50 per cent. of the increase in thirty-five cases, or 67.3 per cent. And 
in twelve cases, or 23 per cent., the increase on standing was more than 
the increase after exercise; in one case it amounted to 250 per cent. of 
the increase after exercise. These figures seem to me to indicate the 
nervous character of the changes in the pulse rate in these cases. I 
am led to conclude that as much evidence can be obtained as to the 
irritability of the pulse by observing the increase on standing as by 
noting the increase after exercise. 

In eight cases, the pulse failed to return to within ten beats of the 
original rate in the recumbent posture within two minutes after 
exercise. I am of the opinion that the failure of the pulse to return 
to the original rate within two minutes cannot be taken as a positive 


indication of heart muscle weakness. In thirteen cases the pulse 
rate two minutes after exercise was below the rate in the recumbent 


posture before exercise was taken. 

Blood Pressure: Table 5 shows the systolic, diastolic and pulse 
pressures in eighty-nine of the cases in the recumbent posture. The 
pressures in the V series were taken with the Tycos instrument; the 
remainder were done with a Riva Rocci instrument. In reading the 
diastolic pressure, I have used the fifth point, as indicated in a former 
communication. In general the V cases showed higher systolic and 
diastolic pressures than the cases seen two years later. .The systolic 
pressure was below 120 mm. in sixteen cases ; between 120 and 130 mm. 
in thirty-six cases; and over 130 mm. in thirty-seven cases. The 
maximum systolic pressure observed was 160 mm. in two cases. The 
diastolic pressure was below 40 mm. in one case; between 40 and 50 
mm. in two cases; and over 50 mm. in eighty-six cases. Maximum, 100 
mm. in one case. The pulse pressure was between 20 and 30 mm. in 
two cases; between 31 and 40 mm. in nine; between 41 and 50 mm. in 
twenty; between 51 and 60 mm. in twenty-eight; between 61 and 70 


1. Swan: Internat. Clin. 2: 3:113, 1916. 
2. Swan: Internat. Clin. 4:1, 1914 
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mm. in nineteen; between 71 and 80 mm. in eight ; between 81 and 90 
mm. in two cases; and 110 mm. in one case. 

Laboratory Examinations—Urine: Routine urine examinations 
were made in fifty-eight cases, seventy-six examinations being made. 
In eighteen, the specific gravity was normal (between 1.015 and 1.020). 
In twenty-three it was low; lowest, 1.006. In thirty-five it was high; 
highest 1.035. Albumin was present in small quantity in four cases. 
Glucose was present in six cases, three of which were questionable. 


TABLE 5.—BLOOD PRESSURES 





Pulse Case Pulse 
Systolic Diastolic Pressure No. Systolic Diastolic Pressure 
1073 140 80 
1078 70 
1081 
1082 
1085 
1086 
1088 
1094 
1096 
1097 
1099 
1100 
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Phosphates were present in forty-one cases and carbonates in twenty 
cases. In fifteen cases calcium oxalate crystals were found in the 
sediment ; in thirteen cases, pus, mucus and epithelium were present ; 
in nine cases uric acid crystals were found. Casts were seen in four 
cases ; renal epithelium in one case ; and red blood corpuscles in one case. 

Blood: Table 6 gives the results of the blood counts in fifty-eight 
cases. The erythrocytes were over five million in all except four cases : 
maximum, 6,320,000; minimum, 4,740,000. The hemoglobin per- 
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centage (Sahli instrument) was below 90 in eleven cases; between 90 
and 100 in twenty-nine cases; over 100 in eighteen cases: maximum, 
107 per cent.; minimum, 83 per cent. The color index, on the other 


TABLE 6—BLOOD COUNTS 
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hand, was below 0.90 in thirty-six cases, or 62.0 per cent.; from 0.70 
to 0.79 in nine cases; from 0.80 to 0.89 in twenty-seven cases; from 
0.90 to 0.99 in eighteen cases ; above 1.0 in four cases: maximum, 1.11; 
minimum, 0.72. The leukocyte count was normal (between 8,000 
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and 10,000) in nineteen cases; below 8,000 in nineteen cases and over 
10,000 in twenty cases; normal, 32.7 per cent.; leukopenia, 32.7 per 
cent. ; leukocytosis, 34.6 per cent.: maximum, 16,880; minimum, 4,880. 
The polymorphonuclear neutrophil leukocytes were normal (from 4,960 
to 7,000 per c. mm.) in twenty-two cases. There was a polymorpho- 
nuclear, leukocytosis (above 7,000 per c.mm.) in twenty cases; and a 
polymorphonuclar leukopenia (below 4,960 per c. mm.) in sixteen cases : 
normal, 37.9 per cent.; leukocytosis, 34.4 per cent.; leukopenia, 27.5 
per cent.: highest, 13,976; lowest, 3,009. The lymphocytes were normal 
(from 1,600 to 3,000 per c. mm.) in forty cases. There was a lympho- 
cytosis in fifteen cases and a lymphopenia in three cases ; lymphocytosis 
in 25.8 per cent.: highest, 4,943; lowest, 1,322. High eosinophil per- 
centages were obtained in three cases : 4, 4.2 and 5 per cent., respectively. 
My results paraliel those of Levy. Wassermann tests were done in 
eleven cases; all were negative. Five sputum examinations were made ; 
in none were acid fast bacilli found. Blood chemistry examinations 
were made in four cases; in none was nitrogen retention or hyper- 
glycemia found. 

Complications.—Table 7 shows the complicating conditions recorded 
in sixty-nine of the ninety cases. In twenty-two cases, dental infection 
was found; in thirteen cases mouth infection; in two pyorrhea. 
Tonsillitis was present in twenty-three cases ; nasopharyngitis in eleven 
cases; furunculosis in two cases; pediculosis in one case; nose bleed 
in one case; hemorrhoids in five cases; acute bronchitis in two cases; 
prostatitis in two cases; acute rhinitis in one case; gonorrhea in one 


case; psoriasis in one case; and multiple arthritis in one case. In 
nine cases, or 13.0 per cent., no complicating conditions were found. 


CLINICAL DIAGNOSIS 

What name shall we give these cases? A diagnosis had to be 
made at the time of the first examination ot the patients and my 
endeavor was to classify them as belonging to the group indicated 
by the most prominent clinical feature. On that basis a diagnosis 
of effort syndrome was made in twenty-eight cases ; of hyperthyroidism 
in five cases; of dysthyroidism in twenty-four cases; of chloroanemia 
in eleven cases; of traumatic neurosis in five cases; of goiter in three 
cases ; of dyspituitarism in two cases; of mouth infection in two cases ; 
of neurasthenia in two cases, and of ductless glandular disease, 
paroxymal tachycardia, extrasystolic arrhythmia, myxedema, pyorrhea 
alveolaris, peritoneal adhesions, pulmonary emphysema, and nervous 
dyspepsia in one case each. 


3. Levy: Brit. M. J. 2:715, 1917. 
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The cases were named irritable heart of soldiers by DaCosta in 
1871 ; effort syndrome by Lewis and his co-workers * in 1917 ; disordered 
heart action (D. A. H.) and valvular disease of the heart (V. D. H.) 
in the nomenclature of the medical department of the British Army. 
They have also been called neurasthenia (vasomotor type), heart 
strain, irritable heart, soldier’s heart, athlete’s heart, cardiovascular 
asthenia and neurocirculatory asthenia. 

We have here a group of cases occurring in men who have been 
in the military service, recruited from occupations of a sedentary 


TABLE VII.-COMPLICATIONS 


Chronic tonsillitis 1097. Mouth infection, chronic tonsillitis 
Mouth infection, diffuse bronchitis Chronic pharyngitis, acute bronchitis 
Mouth infection, multiple arthritis None 
Tonsillitis, chronic Chronic tonsillitis 
Chronic tonsillitis Mouth infection 
outh infection Mouth infection 
Mouth infection one 
Mouth infection, chronic tonsillitis Mouth infection 
Mouth infection, chronic tonsillitis Mouth infection 
Mouth infection’ None 
Mouth infection None 
Pyorrhea alveolaris, furunculosis Chronic tonsillitis 
Pediculosis pubis and corporis Chronic tonsillitis, gastrectasia 
Chronic tonsillitis, nasopharyngitis, Chronic pharyngitis 
furunculosis Chronic tonsillitis 
Chronic pharyngitis, nose bleed None 
1043 Mouth infection Pulmonary emphysema 
1045a Mouth infection Mouth inioction. chronic pharyngitis 
1047, Hemorrhoids None 
1053 Mouth infection, chronic tonsillitis Mouth infection 
and pharyngitis Chronic tonsillitis 
1055 Chronic tonsillitis outh infcetion, hemorrhoids, pros- 
1058 Mouth infection, chronic pharyngitis tatitis 
1060 Mouth infection, dilated and ptosed Mouth infection, prostatitis 
stomach Mouth infection, chronic tonsillitis 
1067 None Mouth infection, acute rhinitis 
1069 Mouth infection Chronic tonsillitis 
1073 Chronic tonsillitis and pharyngitis Mouth infection, chronic tonsillitis 
1078 None Hemorrhoids 
1081 Mouth infection Hemorrhoids 
1082 Mouth infection and chronic pharyn- Mouth infection, acute urethritis 
gitis Chronic tonsillitis 
1085 Mouth infection Hemorrhoids 
1086 Mouth infection, chronic tonsillitis Chronic tonsillitis and pharyngitis, 
1088 Chronic tonsillitis mouth infection 
1094 Mouth infection, chronic pharyngitis 5 Mouth infection 
1096 Mouth infection, cholecystitis (sus Mouth infection, psoriasis 
pec ted) 
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type in 65.5 per cent., and with a family history of nervous disease 
in 51.7 per cent., who, as a result of wounds, gassing, acute infections, 
or the stress and strain of military life have broken down. They 
present a symptomatology which in its groupings is of the functional 
type; on physical examination, they present no evidence of disease of 
an organic nature, or if they do the evidence is found on closer study 
to be transitory. The cases are associated with a history of previous 
subacute or chronic infections in 89.6 per cent. of the patients and they 


4. Lewis: Report upon Soldiers Returned as Cases of “Disordered Action 
of the Heart” (D.A.H.) or “Valvular Disease of the Heart (V.D.H.). London, 
1917. 
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present complications of an infective character (tonsillitis, nasopharyn- 
gitis, sinusitis, infected teeth) in 87 per cent. In about 50 per cent. 
of the cases, there are physical signs which point to a disturbance 
of the endocrine system, with small goiter. In all cases there is some 
evidence of disturbance of the ductless gland system. Is the infection 
the cause of the condition or is the endocrine disturbance the cause of 
it? Lewis and his co-workers are of the opinion that the infection, 
by setting up faulty metabolism, is the cause of the disturbance; the 
abnormal metabolic products producing the symptoms. If this be 
so, it would seem that the removal of the focus of infection should 
be followed by relief of the symptoms. This is not so. Fourteen 
of the fifty-eight patients seen after discharge from the service had had 
tonsillectomies, and their symptoms were still present, albeit relieved 
in some degree. It seems to me that the blood counts ought to be 
of importance in deciding the question. If the infection were the 
chief factor in the symptom complex, I think we ought to see a 
polymorphonuclear leukocytosis more frequently than in 34.4 per 
cent. As a matter of fact, the polymorphonuclear leukocytes are 
frequently reduced, 27.5 per cent. I am at the present time strongly 
inclined to the opinion that the endocrine disturbance is the responsible 
factor ; responsible for the infection and responsible for the breakdown 
which these men experience. If the polymorphonuclear neutrophil 
leukocytes carry the antibodies that combat infection, certainly a blood 
containing only 3,000 of these cells per c. mm. is deficient in protective 
substances. Sewall® is of the opinion that many of these cases are 
caused by “occult tuberculosis.” In examining these men, tuberculosis 
has been constantly in mind. In one case, a diagnosis of tuberculosis 
was made in a hospital; but I could not agree that the physical signs 
presented by the patient warranted such an interpretation. In twenty- 
three out of fifty-eight cases, 39.6 per cent., prolonged expiration at 
the right apex was noted; but no signs that in my judgment would 
warrant an interpretation of tuberculosis were present. 


TREATMENT 

The problem in the treatment of these cases is to convert a man 
who is on the road to becoming an introspective, neurasthenic and 
hypochondriacal invalid into a wholly or partially self supporting and 
self respecting member of the community. The treatment is very 
largely psychic. In the first place, the man should have a careful 
and thorough modern clinical study of his case made. He must be 
allowed to tell his own story and bring out his own attitude toward the 
cause of his symptoms and their development. He should then be 


5. Sewall: Am. J. M. Sc. 158:786, 1919. 
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questioned as to the existence of symptoms of which he may have 
said nothing. Then, a thorough routine physical examination, with 
a urine examination and a blood count, should be made. When 
indicated, he should be referred to the ophthalmologist, the otolaryn- 
gologist, the roentgenologist, the neurologist, the orthopedist, the 
surgeon, and he should have blood chemistry studies and a Wassermann 
examination made. All existing local or focal infections should be 
removed. Then, he should be taught the principles of personal hygiene: 
regular habits, diet, care of the mouth, reduction of use or elimination 
of tea, coffee, alcohol and tobacco, the correction of constipation, daily 
bathing, sleeping with windows open, exercise. The insistence on the 
latter, under proper supervision, is one of the most important features 
of the routine. Then he should have erroneous ideas of cause and 
effect in regard to his complaints explained away. After that he should 
be encouraged to go to work and stay at work in spite of symptoms 
and if encouragement fails ridicule and even sternness may be used. 
I believe all the men would recover quicker if they could be sent to 
the country and required to do farm work according to their ability, 
under supervision, for a year: provided the life on the farm were 
hygienic. Medication is of least importance; but is necessary. The 
majority of the patients need iron in some form. The syrup of the 
iodid of iron, iron pyrophosphate, and Blaud’s pill, in the order named, 
I believe are the most useful forms. I should think that at least a 
year or eighteen months will be required to put the men on their feet 
and there will be many failures. 

The problem has been well stated by Henry Kitchell Webster in 
Mary Wollaston. Speaking of Mary’s brother Rush, who has been 
referred to as a healthy young animal, he says: “Rush, to begin with, 
isn’t a healthy young animal. He’s one of the war’s sacrifices, precisely 
as much as if he had had his leg shot off. He needs support; will 
go on needing it for two or three years, financial as well as moral. 
He mustn’t be allowed to fail. He’s spent, you see; depleted. One 
speaks of it in figurative terms, but it’s a physiological thing—if we 
could get at it—that’s behind the lassitude of these boys. It all comes 
back to that. That they’re restless, irresolute. That they need the 
stimulus of excitement and can’t endure the drag of routine. They need 
a generous allowance, even for an occasional failure in self-command.” 





VARIATION OF THE PHENOLSULPHONEPHTHALEIN 
EXCRETION WITH THE URINE VOLUME IN 
CHRONIC INTERSTITIAL NEPHRITIS 


R. R. SNOWDEN, M.D. 


PITTSBURGH 


The phenolsulphonephthalein test is one of the best known and 
most reliable of the many procedures which aid in the estimation of 
the functional activity of the kidneys. Since its introduction by Roun- 
tree and Geraghty, it has been employed extensively and has proved to 
be an invaluable clinical aid. Our knowledge of the significance of the 
test is purely empirical, however, being based on the evidence presented 
by thousands of tests, the findings of which have been carefully com- 
pared with clinical, experimental and pathological examinations. 
Hence, any additional data which throws light on the manner of the 
excretion of phenolsulphonephthalein is always of interest and value. 

The following studies seem to indicate that as the ability of the 
kidney to excrete phenolsulphonephthalein becomes impaired in many 
cases of chronic interstitial nephritis, the process of excretion becomes 
more and more one of simple filtration, and the amount of dye eliminated 
varies directly with the volume of urine. In their original communi- 
cations, Rountree and Geraghty state that phenolsulphonephthalein is 
excreted independently of the amount of urine. This is true of normal 
kidneys as long as there is sufficient urine to wash the dye out of the 
urinary passages, the recovery being from 50 to 60 per cent. in the 
first hour, an additional 10 or 20 per cent. in the second hour, and only 
traces thereafter. It has been noticed, however, that in cases of impair- 
ment, this preponderance of the amount excreted during the first hour, 
over that of the second hour, diminishes, and one finds more or less 
equal percentages appearing. Thus, a patient may show a total two 
hour excretion of 60 per cent.; but, of this, 30 per cent. appears in the 
first hour and 30 per cent. in the second hour, whereas in a normal 
case, the first hour’s excretion would be 50 per cent., and that of the 
second hour 10 per cent. The significance of this is better appreciated 
if one takes into consideration not only the total amount of dye but, also, 
the amount of urine; or, in other words, the concentration of the dye. 
In the following data, the concentration of phenolsulphonephthalein is 
noted and certain important facts are brought out which would not be 
clear otherwise. For convenience of comparison, the concentration is 
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represented hy an arbitrary figure obtained by estimation the amount 
of the dye in one cubic centimeter of urine. This is spoken of as the 
“concentration figure.” * 





1. CASES SHOWING NORMAL PHENOLSULPHONEPHTHALEIN 
EXCRETION 


Examination of the concentration figures in cases where the phenol- 
sulphonephthalein is excreted normally, indicates that the normal per- 
centage of the dye is excreted in the first and second hours, irrespective 
of the amount of urine. The concentration may be high or low, depend- 
ing on the water output. 


Case 1.—Diagnosis.—Acute sinusitis. 


Time Urine Concentration Phenolsulphone- 
hours C. C. figure phthalein % 
0-1 75 70 52.5 
1-2 50 20 10 
2-4 285 tr. tr. 
Case 2.—Diagnosis—Acute parenchymatous nephritis (hyperpermeability ). 
Time Urine Concentration Phenolsulphone- 
hours c. C. figure phthalein % 
0-1 30 200 & 
1-2 75 22 16 
2-44 145 tr. tr. 
Case 3.—Diagnosis.—Neurasthenia. 
Time Urine Concentration Phenolsulphone- 
hours c.¢ figure phthalein % 
0-1 225 23 517 
1-2 410 2.1 9 
Case 4.—Diagnosis.—Pernicious anemia. 
Time Urine Concentration Phenolsulphone- 
hours cc. figure phthalein % 
0-1 105 50 50 
1-2 330 5.4 18 


1. During the performance of complete renal function studies on a series 
of fifty hospital cases, most of which showed nephritis, the total phenolsulphone- 
phthalein output in each specimen was calculated by determining the percentages 
of the dye in 1 c.c. urine, and multiplying this figure by the number of cubic 
centimeters in the specimen. This method was adopted for two reasons. First, 
other determinations were being made on the same specimens and only part 
was available for the phenolsulphonephthalein; and second, by diluting until 
the depth of color was such that it fell close to 25 per cent. in the Helige 
colorimeter, it was possible to obtain more accurate and uniform readings. 
The procedure was carried out by diluting 10 c.c. of the urine specimen until the 
proper color was obtained, reading this in the colorimeter against the usual 
standard, and from this data calculating the percentage of dye in the total 
specimen. Thus, as an example, if 10 c.c. diluted to 200 c.c. gave a reading of 
25 per cent., then 10 c.c. diluted to 1,000 c.c. would read 5 per cent., and 1 c.c. 
diluted to 1,000 c.c. would read 0.5 per cent., which is, of course, the percentage 
excreted in 1 c.c. Multiplying this by the number of cubic centimeters in the 
specimen will give the total amount of dye excreted. It will be seen, that the i 
percentage of phenolsulphonephthalein in 1 c.c. urine represents the concen- 
tration. For the sake of comparison, and to eliminate decimal points, the 
figures representing the concentration are multiplied by 100, and are spoken 
of as the “concentrated figures.” 
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2. CASES SHOWING IMPAIRMENT OF FUNCTION AS REGARDS 
PHENOLSULPHONEPHTHALEIN 


The following is a series of cases in which there is an impairment 


of the functional capacity of the kidney as regards phenolsulphone- 
phthalein. In these cases one fails to find the high concentration shown 
by small specimens in normal cases. 
of mere traces appearing after the second hour, measurable amounts 
are present; also the total output for the first hour approaches that of 


the second hour. 


Case 5.—Diagnosis.—Chronic nephritis, mild. 


Time Urine Concentration Phenolsulphone- 
hours e.¢. figure phthalein % * 
0-1 475 10 47.5 
1-2 210 7.5 15.7 
2-4 250 27 67 


traces during ensuing four hours. 


Case 6.—Diagnosis—Chronic interstitial nephritis, mild. 


Time Urine Concentration Phenolsulphone- 
hours e<¢ figure phthalein % 
0-1 270 12 32.4 
1-2 105 14 14.7 
2-4 205 3 6.1 


traces during ensuing six hours. 


Case 7.—Diagnosis.—Chronic nephritis, moderately severe. 


Time Urine Concentration Phenolsulphone- 
hours a figure phthalein % 
0-1 200 10 2 

1-2 165 10 16.5 

2-4 185 4.5 8.5 


traces during ensuing two hours. 


Case 8.—Diagnosis.—Chronic interstitial nephritis, moderately severe. 


Time Urine Concentration Phenolsulphone- 
hours a¢ figure phthalein % 
0-1 240 11 26.4 

1-2 100 7.5 7.5 

2-4 435 2.5 10.8 


traces for two hours. 
Case 9.—Diagnosis.—Chronic interstitial nephritis, severe. 


Time Urine Concentration Phenolsulphone- 
hours cc figure phthalein % 
0-1 205 6 12.3 
1-2 125 12 13 
24 100 4 4 
4-6 272 2 5.4 


traces during ensuing four hours. 


Case 10.—Diagnosis.—Chronic interstitial nephritis, severe. 


It is also to be noted that instead 





Time Urine Concentration Phenolsulphone- 
hours e¢ figure phthalein % 
0-1 30 5 15 
1-2 25 50 12.5 
2-4 45 35 13 
4-6 35 15 5.2 


traces during ensuing six hours. 
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Case 11.—Diagnosis.—Chronic interstitial nephritis, severe. 
Time Urine Concentration Phenolsulphone- 
hours c. phthalein % 
0-1 225 22.5 
1-2 180 18 
244 210 . 15.5 
46 105 5.25 


traces during ensuing four hours. 
Case 12.—Diagnosis——Chronic and acute interstitial nephritis, severe. 


Time Urine Concentration Phenolsulphone- 
hours cc figure phthalein % 
0-1 42 22 
1-2 110 23 
2-4 65 15 
‘ 4-6 135 8 
traces during ensuing four hours, 


Same case, two days later, more severe. 
Time Urine Concentration Phenolsulphone- 
hours c. &. figure phthalein % 
42 19 7 
64 20 12 
15 14 2 

Examination of these cases reveals the following outstanding 
features : 

First—There is universal prolongation of the time of excretion. 
The dye will appear in measurable quantities during a period of four 
or even six hours. Moreover, the recovery of the first two hours is, 
in the more advanced cases, materially augmented by that of the 
ensuing two or four hours. In the mild cases, it will be seen that 
the additional amounts excreted in the 2-4 hour period is about 6 per 
cent.; in the moderately advanced cases the recovery in the ensuing 
four hours is from 15 to 20 per cent., sufficient to increase very 
materially the total phenolsulphonephthalein recovery. 

Second.—One fails to find the high concentration figures shown in 
the normal cases when the urine volume is low (Compare cases 1 and 
10). Case 1 shows nearly three times the urine output in the first hour, 
and yet the concentration is one-third greater than in Case 10, result- 
ing in a normal phenolsulphonephthalein excretion. During the second 
hour, in the normal case, the concentration drops to 20, whereas in Case 
10 it remains unchanged (50). During the next two hours, in Case 1 
only traces are recovered, despite the tremendous increase in urine 
volume, but in Case 10 the output of the dye continues steadily and 
is even carried over into the 4-6 hour period. Compare in the same 
way Case 2. The first hour urine output is of the same quantity in 
each case, yet the enormous concentration figure of 200 is attained 
in Case 2, with a resulting normal phenolsulphonephthalein total, despite 
the small volume of water. 

Third —There are more or less parallel variations in the phenol- 
sulphonephthalein output and urine volume. In practically all cases a 
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deliberate attempt was made to cause wide variations in urine output 
by forcing water at certain times. This was difficult to accomplish in 
the advanced cases because of the clinical condition. In those cases in 
which this attempt succeeded, it is very evident that water output does 
affect phenolsulphonephthalein output. This is especially true in Case 12. 
Compare this with normal Cases 2 and 3, in which there {s the usual 
small phenolsulphonephthalein return during the second hour, despite 
the marked increase in urine volume. 


3. CASES OF MARKED IMPAIRMENT 

In the final stages of advanced chronic interstitial nephritis there 
is a total suppression of phenolsulphonephthalein excretion. The cases 
just short of this final stage often show traces of the dye appearing dur- 
ing a period as long as ten hours. The difficulties of measuring such 
faint traces preclude the possibility of determining the ability of such 
kidneys to concentrate. In Case 13, however, we find a stage in which 
very small amounts were being excreted, yet sufficient in quantity to 
be measured. Its importance is evident and it was studied carefully 
and is presented in detail. 


Case 13.—History—Advanced chronic nephritis of two years standing; 
chronic edema and dyspnea for past year; severe headaches; occasional drowsi- 
ness; blood pressure, 240. Eye grounds negative. Marked arteriosclerosis. 
Urine from 350 to 1,500 c.c. daily; sp. gr. 1.010, pale, clear, acid, albumin from 
0.25 per cent. to 0.5 per cent. with many finely granular and hyalin casts; 
no blood. 


First test. Incoagulable blood nitrogen: 98 mg. per 100 c.c. 


Time Urine Concentration Phenolsulphone- 
hours e.€ figure phthalein % 


0-1 4) 12.5 5 
1-2 50 14 7 
2-4 92 10 » 9.2 


Second test, six days later. Patient is preuremic, being drowsy and irrational. 
Incoagulable blood nitrogen: 160 mg. per 100 c. c. 


Time Urine Concentration Phenolsulphone- 


hours c. ¢. figure phthalein % 
0-1 100 3.4 
1-2 82 3.4 2 
2-3 82 3.4 z 
traces during ensuing six hours. 


Third test, five days later. Has been treated by bleeding, sweating, purging 
alkalies. Feels better, is bright and comfortable. Incoagulable blood nitrogen: 
98 mg. per 100 c. c. 

Time Urine Concentration « Phenolsulphone- 
hours e< figure phthalein % 


0-1 60 8.4 5 
1-2 75 8.4 6.3 
2-3 135 7 94 
3-4 110 4.6 5 
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Fourth test, eight days later. Feels fairly well. Walking about. 
Incoagulable nitrogen: 78 mg. per 100 c.c. 
Time Urine Concentration Phenolsulphone- 
hours c. €. figure phthalein % 
0-1 200 5 
- 155 
. 170 
- 145 
150 
8-10 175 
10-12 475 
Fifth test, one day later. 
Time Urine Concentration Phenolsulp/ione- 
hours Bi figure phthalein % 
0-1 18 24 
1- : 18 49 
2-: 1.8 3.8 
3-4 18 12 
The day after this last test was made the patient left the hospital, feeling 
quite well, and was lost track of. 


| 


mI IN We lv 
manu 


— 
ot 
































Fig. 1—Case 2. Acute parenchymatous nephritis. This chart and those 
following show relationship between the phenolsulphonephthalein output and 
the urine volume in various cases. 


In all of the tests made on this patient we find a universally low 
concentration of the phenolsulphonephthalein and a resulting variation 
in the output directly parallel with the water volume. The fact that 
the concentration was always low and remained practically the same 
throughout each test, indicates that the phenolsulphonephthalein elim- 
ination was probably dependent on the water volume, suggesting simple 
filtration rather than active secretion. 
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The charts (Figs 1 to 6) show graphically the relation between the 
phenolsulphonephthalein output and the urine volume in normal cases 
and those with various degrees of functional impairment. In each 
chart the curve for the urine and the curve for the phenolsulphone- 
phthalein begin at the same point, and the ensuing curves are plotted 
so as to exhibit the elimination of each as compared with that of the 
first hour. Thus, for example: if the urine secretion during the first 
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Fig. 2—Case 5. Mild, chronic nephritis. 
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Fig. 3.—Case 8. Moderately severe chronic interstitial nephritis. 


hour is 30 c.c. and in the second hour is 90 c.c., the elimination in 
the second hour is three times that of the first and the curve is so 
plotted; if, at the same time, the phenolsulphonephthalein excreted 
in the first hour is 9 per cent. and in the second hour it is 27 per cent., 
the excretion for the second hour is likewise three times that of the 
first hour and the phenolsulphonephthalein curve, so plotted, will be 
parallel to that of the urine. By this plotting on the basis of the first 
hour’s elimination, the relation between the phenolsulphonephthalein 
excretion and the urine volume is most clearly depicted. 
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Fig. 4.—Case 4. Pernicious anemia. 
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Fig. 5.—Case 13. Advanced chronic nephritis. Fourth test. 
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DISCUSSION 

This phenomenon of excretion by simple filtration is to be observed 
in relatively few cases. It is not intended to give the impression that 
all cases of advanced nephritis show an excretion of phenolsulphone- 
phthalein absolutely parallel to the urine volume; but it is plain that 
most cases of chronic interstitial nephritis do exhibit that tendency, as 
evidenced by prolongation of excretion and the recovery of greater 
amounts of the dye when the urinary output is stimulated by forcing 
water. Consequently, one is justified in asserting that in cases of chronic 
interstitial nephritis, with impairment of function, the elimination of 
phenolsulphonephthalein is materially increased when the urinary flow 
is stimulated by forcing water. 



































Fig. 6.—Case 13. Advanced chronic nephritis. Fifth test. 


The physiologic explanation of this phenomenon remains to be 
determined. It is likely that in all cases the phenolsulphonephthalein 
is excreted by both active secretion and passive filtration. In the 
normal cases the latter is completely obscured by the former; but as 
damage of renal cells eliminates the active secretion, the filtration 


part becomes more and more apparent. 

Whatever the explanation may be, the actual observation remains 
that the forcing of water will materially increase the elimination of 
the dye in cases of marked functional impairment. The knowle‘ge 
of this fact is important for two reasons. In the first place, when 
drawing deductions from a phenolsulphonephthalein test in which the 
amounts of the dye eliminated are much reduced, the volume of urine 
should always be considered. In the second place, since the phenol- 
sulphonephthalein is eliminated by the same mechanism as nitrogenous 
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waste products and is a measure of the ability of the kidney to excrete 
nitrogen, the data here presented indicates that it is of clinical value to 
stimulate urinary flow as an aid to elimination in cases of nephritis 
showing a retention of nitrogenous waste products.” 


CONCLUSIONS 

1. In cases of chronic interstitial nephritis, showing functional 
impairment as regards phenolsulphonephthalein, there is a retardation 
and prolongation of the excretion of the dye. 

2. This retardation is the earliest indication of functional disability. 

3. As impairment becomes more marked the retardation becomes 
more pronounced. 

4. In most cases of marked functional impairment, the excretion 
of the phenolsulphonephthalein varies more or less directly with the 
volume of urine, and in these cases the phenolsulphonephthalein output 
is materially increased when the flow of urine is stimulated by giving 
water. 








2. Many cases of chronic interstitial nephritis exhibit concomittant con- 
ditions which, of course, contraindicate the forcing of water. Cardiac insuffi- 
ciency, chlorid retention with resulting anasarca, etc., may one or all so com- 
plicate the condition that the ingestion of large amounts of water would do 
more harm than good. 























RELATION OF THE GASTRIC CONTENT TO THE 
SECRETORY AND MOTOR FUNCTIONS 
OF THE STOMACH * 


HOMER WHEELON, M.D. 


ST. LotIS 


From the time of Spallanzani, who was among the first to demon- 
strate the digestive action of gastric juice, to the present day gastrolo- 
gist, wide variations of opinion have been held relative to the secretory 
and motor powers of the stomach. The lack of agreement among 
students of gastric functions recalls the statement of Hunter: “Some 
Physiologists will have it that the stomach is a Mill;—others, that it is 
a fermenting Vat ;—others, again, that it is a Stew-pan:—but in my 
view of the matter, it is neither a Mill, a fermenting Vat, nor a 
Stew-pan—but a Stomach, Gentlemen, a Stomach.” 

The “fractional method” of gastric analysis, now so popular among 
certain clinicians, is based on the assumption that the gastric content is 
of a homogenous nature. The method also infers that the determination 
of the acidity of gastric samples removed at stated intervals, more or 
less, directly show the degree of acid formation by the stomach and 
that any such sample is indicative of the acid concentration of the 
entire stomach contents at the time of withdrawal. As stated by 
Gorham,’ “If the above hypothysis be a correct one, and based upon a 
true physiological principle, then we should expect the acid concentra- 
tion of the different portions of the remaining gastric chyme (content) 
(Italics are mine) to be similar at these different intervals after a test 
meal.” That such is not the case has been well shown by this observer. 
To quote: “This hypothysis is not based upon true physiology. The 
acidity of one portion, as obtained by the fractional method, may 
differ widely from the acidity of different portions of the remaining 
contents. In the so-called “fractional,” or other methods of gastric 
analyses when only a small sample is withdrawn, the small portion 
removed may or may not be representative of the gastric contents 
remaining in the stomach.” 

It is my purpose to call attention to certain observations concerning 
the relation of gastric juice to the ingested food and to present experi- 
mental data which corroborates the views of certain of the older 


*From the Department of Physiology of the St. Louis University School of 
Medicine. 

1. Gorham, F. D.: Variations of Acid Concentration in Different Portions of 
the Gastric Chyme, and Its Relation to Clinical Methods of Gastric Analysis, 
Arch, Int. Med, 27:434 (April) 1921. 
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observers and especially of the recent work of Gorham, namely, that 
the stomach content is not a homogenous or uniform mixture during the 
greater portion of the period of gastric digestion. 


METHODS 

The results here reported are based on 296 gastric sample titrations 
from sixty-four normal medical students. In addition, gastric analyses 
were made on three men who did not show the presence of free hydro- 
chloric acid. After a thorough examination of the sixty-four men, it 
was felt that the results obtained could be taken as representative of 
the average normal for the young male. 

In the present work three methods of procedure were employed in 
determining the acid secretion of the stomach. These methods were: 
(1) The usual “one hour test” following complete removal of the 
stomach contents at one time. (2) The “fractional method” or “acid 
functional test” in which withdrawals of gastric contents were made 
every fifteen minutes following the ingestion of a test meal. (3) A 
method recently described by Gorham which consists, in principle, of 
rapidly removing the entire contents of the stomach in 10 c.c. amounts 
at a stated time following the taking of a test meal. The third method 
is here referred to as the “rapid withdrawal method, or test.” 

In Method 1, the gastric contents was obtained by the use of the 
large stomach tube at the end of one hour from thirty-one men. In 
the other two methods a small, soft, stomach tube of the Rehfuss 
type was passed, the fasting contents removed, and then, with the 
tube remaining in the stomach, the subjects were given a test meal. 
In Method 2, “fractional,” 10 c.c. quantities of gastric content were 
withdrawn every fifteen minutes following completion of the meal 
until the stomach was emptied. This method was used on twenty men ; 
148 samples were obtained and titrated. In the third method, “rapid 
withdrawal method,” nineteen men were given the tube, and one hour 
after the test meal the stomach was emptied as rapidly as possible by 
repeated withdrawals of 10 c.c. amounts. The samples were titrated 
separately. The nineteen men on whom this method was used returned 
a total of 117 samples. 

Inasmuch as the passage of a stomach tube for the first time is 


usually associated with more or less retching, salivation, elevation of 
the blood pressure and nausea, it was deemed advisable to introduce 
the tube in the second and third methods prior to the ingestion of the 
meal. Further, it was hoped that such a procedure would permit the 
tip of the tube to descend into the pyloric portion in which region the 
concentration of acid is conceded to be highest and the gastric content 
of a more uniform consistency. That is, an attempt was made to 
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obtain results as uniform as possible and to reduce to a minimum the 
variations in the acid concentration due to withdrawals from various 
portions of the stomach. 

The test meal used throughout this series of experiments consisted 
of two slices of white bread and 500 c.c. tap water. The meals were 
given at 8 a. m. or following a fast of from ten to twelve hours. The 
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Fig. 1—Chart showing the individual amounts of gastric return and free 
and total acids at the end of one hour following the ingestion of a standard 
test meal. Observations made on 31 young men. 


contents of the fasting stomach averaged less than 30 c.c. The acidity 
of the gastric contents was determined by the Toepfer method of 
gastric analysis, titrating with tenth-normal sodium hydroxid solution. 
Dimethylamidoazobenzol and phenolphthalein were used as indicators. 
Titrations were made on 10 c.c. samples of gastric content. 
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RESULTS 

Results of Experiments by the “One Hour Method.”—In these 
experiments the entire gastric content was received one hour after 
ingestion of the test meal into a single container. This material was 
measured then thoroughly mixed and a 10 c.c. sample titrated for free 
and total acids. The results obtained by such a procedure represent the 
degree of acidity of the mass as a whole, also the degree of gastric 
evacuation that had occurred during the hour. 

The results of thirty-one experiments of this nature are shown 
numerically and diagramatically in Figure 1, in which the data are 
arranged according to the amounts of total acid found. The average 
total acids for the thirty-one titrations was 45; free acid, 29, com- 
bined acid, 16. The range of total acid variation among the thirty-one 
determinations was from 4 to 85; free hydrochloric acid varied from 
0 to 65. The average figures for the entire number of tests lay within 
the range of “the normal” as generally accepted. It is possible that 
the first three men of the series show a reduced secretory power of the 
stomach; however, none of the three had experienced gastric dis- 
turbances. Student 8 failed to show the presence of free acid by any 
one of the three methods employed, also his total acid was continually 
low. 

The average gastric return for twenty-eight men of this group was 
119 ¢c. The range of variation in returns was great, from 10 to 450 
c.c. This point will be considered further in relation to gastric 
motility. 

Results of Experiments by the ’’Fractional Method.”—This method 
of gastric analysis was studied on twenty-seven men who gave a total 
return of 183 samples. Of this number of men, twenty were given a 
test meal and withdrawals were made every fifteen minutes until the 
stomach was emptied. In seven cases, the men took the tube following 
a regular breakfast of fruit, cakes, water and coffee. The results on 
these seven men, while differing but little from those obtained on the 
group of twenty men, are incomplete for the reason that withdrawals 
were begun at various time-intervals following the taking of the 
meal (Table 1). 

The numerical results of the observations by the “fractional method” 
are shown in Table 1, and graphically in Figures 2 and 3. In Table 1 
the results are arranged according to the number of samples returned at 
the various fifteen minute intervals. Of this group of twenty men, one 
returned fourteen samples—210 minutes; one returned eleven samples ; 
two returned ten samples; two returned nine samples; one returned 


eight samples ; four returned seven samples ; four returned six samples ; 
and five returned five samples. The average time of gastric evacuation 
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— 


for the group was 111 minutes, or an average return of 7.4 samples. 
The results of titrations on any one man are shown in columns, Table 
1, under the heading Case No. The comparative results for any given 
time interval are shown by the figures to the right of the time intervals, 
from 15 to 210 minutes. Averages are shown both for the individual 
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Fig. 2—Chart showing the collective average of tree and total acid for the 
entire number of 10 c.c. samples delivered at 15-minute intervals. “Fractional 
test meal method.” 


case and for the collective readings at the various time intervals. The 
tange of acid variation is also shown in Table 1. 

The relation of the average of all readings for the group of twenty 
men for any given time period to the number of samples examined is 
shown in Figure 2. Here, it will be seen that the average free acid 
for the number of men delivering samples shows a gradual increase up 
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to the 135 minute period following the test meal, also that the total acias 
increase only up to the 105 minute period. The last three columns are 
the results obtained on one man (No. 59), and, therefore, cannot be 
taken to indicate a terminal high acid concentration for the group, as 
a whole. The average free and total acid concentrations for the 
fourteen time intervals was 35 and 52, respectively ; the average for the 
entire number of 148 titrations was free acid 25, total 45. The average 
variation for acid determinations made on any one individual was free 





















































° METHOD II. 
acrD. ACtD. 
nol F. 

33/ 16 22 a0; is 28 
ae @ 25 WHITE COLUMNS PREE A. @0| 21 2 
60| @ 25 | SHADED "* + COMBINED.| is} 9 2 
33| 23 26 | HEIGHT OF "" = TOTAL A. a9/ 13 28 
65| 16 27 48/33 29 
64| 22 35 28| 20 30 
20} 35 35 1s 48| 13 32 
39| 26 368 $s} 22 32 
34| 25 38 70 44) 22 36 
35| 24 40 $e| 22 39 
56) 37 52 13] 28 40 
26) 28 53 6s 27| 26 43 
52/40 52 Se} 32 49 
37| 39 52 60 $3} 23 50 
54/40 55 26] 42 50 
42) s2 56 55 7| 28 58 
41] SO 62 37| 42 62 
46) 30 62 46} 32 65 
$7/ sO 75 50 53} 32 65 
49| 54 73 
a9| 26 43 45 20) 25 45 

40 

35 

30 = 
25 
—— 

20 = 

as 

10 

om 

° 






















































































Fig. 3—Chart showing the individual average free and total acid of the 
entire number of samples of gastric contents removed in 10 c.c. quantities at 
the end of one hour “rapid withdrawal method” and at intervals of 15 minutes 
following a test meal “fractional method.” 


acid 34, total 41 points. The average variation among titrations for 
any given time interval was free acid 53, total 67 points. 

In Figure 3 are shown the average free and total acid concentrations 
for the entire number of samples obtained from any one man. The 
figures are arranged according to the average total acid concentrations. 
The difference in the height of the twenty columns indicates the range 

_of variation in the average acid concentrations among the various 
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members of the group. It is of interest to note that the average figures 
for the entire number of titrations for this group of twenty men made 
over a period of 210 minutes correspond closely with the averages 
obtained for the first method—total acids 45 against 45, and free acid 
25 against 29. This appears to be of interest since the height of free 
acid concentration, as determined by the second method, occurs 135 
minutes following the meal, whereas the acid concentration in the first 
method was determined at the close of one hour. Such results seem 
to indicate that as much information relative to the secretory power 
of the stomach is to be gained by the “one hour method” as from the 
more laborious procedure of the “fractional method.” 

Results of Experiments by the “Rapid Withdrawal Method.”—The 
primary purpose of this method, as evolved by Gorham,’ is the deter- 
mination of the presence or absence of free acid in any portion of the 
gastric content at the end of a given period of time. Such a method 
often reveals the presence of free acid in some one or more of the 
samples when other methods have failed to show its presence. However, 
three of the sixty-four students studied, Nos. 63, 29 and 8, did not 
show the presence of free acid by the first two methods, also failed 
to show free acid by the rapid withdrawal method. It, therefore, 
appears that these men had a condition of true achlorhydria. 

The reason for the use of this method, as modified for the purpose 
of this study, was, not to search for free acid in patients; but, simply 
to determine whether or not the degree of acidity in various portions 
of the gastric content in normal individuals was uniform, and to compare 
such results with those obtained by the other two methods. The results 
of such observations on nineteen normal young men—117 titrations— 
are shown numerically in Table 2 and graphically in Figure 3. The 
data in Table 2 is arranged as in Table 1. In this series of observations 
two men delivered but two samples (20 c.c.) at the end of one hour; 
three delivered five; nine delivered six; two delivered seven and three 
men delivered, 9, 10 and 11 samples, respectively. The average free 
and total acids for the series of eleven samples, as shown in Table 2, 
is fairly constant save for the last two columns—samples 10 and 11. 
This discrepancy is explainable on the basis of the number of men 
delivering ten and eleven samples. The average figures for the series 
of the eleven collective titrations was free acid 26, total acids 41. The 
average figures for the entire number of titrations (117) was free acid 
26, total 43. The average range of variation among the eleven sets 
of samples was free acid 34, total acid 53 points. The average range 
of variation for the total number of samples delivered by the individual 
case was free acid 16 points, total 25. The maximal and minimal 
variations in the acid concentrations are shown in Table 2. 
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in Figure 3 is shown the average free and total acids for the entire 
number of samples obtained from any one individual. The average 
free and total acids for the 117 titrations made on nineteen men, as 
stated above, was 26 and 43, respectively. As shown in this figure, 
the individual averages for the entire gastric return show a greater 
range of variation than those representing the averages for any one 
particular set of samples. That is, the range of variation among the 
total number of titrations for the individual is greater than the variation 
for the collective average of the eleven sets of samples. The results 
of gastric analysis by this method is strikingly similar to those obtained 
by the “one hour method.” Probably, as great variations in the acid 
concentration of the gastric contents would have been shown for each 
individual by the first method as by the third had the returned mass 
been divided into portions, titrated and the average ascertained. In 
a way this third method is simply a modification of the “one hour 
method,” hence, it is not surprising to find that the average acid values 
as determined by the two methods are so closely similar. However, 
the point of interest for this method lies, not in the obtaining of average 
figures, but in the fact that by its use the acid concentration in the 
various portions of the stomach content can be ascertained. The degree 
of variation in the acid concentration of the samples returned by an 
individual at the end of one hour is shown in Table 2. The average 
variation among all samples was free acid 16, total 25 points. The 
maximal variation for any one individual was free acid 35, total 65; 
the minimal variation was free acid 1, total acid 2 points. The range 
of variation among individuals, therefore, was free acid 1 to 35 and 
for total acid 2 to 65 points. In other words, different individuals show 
marked variations in their power of reducing a test meal to a uniform 
degree of acidity in the course of one hour. 

The amount of material recoverable from the stomach at the end 
of an hour seems to bear no constant relation to the degree of acidity 
of the various samples. The above figures do not indicate that the 
last samples withdrawn are of necessity more charged with acid than 
the first withdrawals, although a number of cases studied did show 
such a terminal increase of acid, Nos. 57 and 46. On the whole, the 
results of the figures as obtained by the third method show that the 
gastric contents at any one time may not be a homogenous mass; the 
acid concentration varies in different portions of the mass as a whole. 

The present findings on normal men are in accord with those of 
Gorham who used this method of study on sixty-five patients with 
varied clinical diagnoses. This observer found that 73 per cent. of 
his cases showed a considerable variation between the first and sub- 
sequent portions withdrawn from the stomach forty-five minutes 
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following a test meal. In Table 2 are shown numerically the variation 
in the acid values for the various portions of the returned gastric 
contents as determined in my series of normal young men. 

Motility of the Stomach as Judged by the Amount of Gastric 
Return.—Roentgenographic procedures, to a large extent, have elimi- 
nated the necessity of indirect observations relative to the emptying 
of the stomach. However, a careful gastric analysis, to a considerable 
degree, is indicative of the power of the stomach to rid itself of contents. 
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Fig. 4—Chart showing the rate of gastric evacuation as determined by 
fractional withdrawals (10 c.c.) at 15 minute intervals. Withdrawals made 
every 15 minutes following ingestion of standard test meal. Observations on 20 
men; 148 deliveries over a total period of 210 minutes 


The results of the present observations on this point are shown in 
Tables 1 and 2, and in the charts. In Group 1, twenty-eight men returned 
an average of 119 c.c. of gastric contents, or 23.8 per cent. of the 
amount ingested (Fig. 1). In other words, at the end of one hour, 
the twenty-eight men has passed into the duodenum 10,668 c. c., or an 
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average clearance of 381 c.c., or 76.2 per cent. In Group 3, nineteen 
men passed during the period of one hour, 8,330 c. c. of a total of 9,500 
c. c. into the duodenum ; average clearance of 438 ¢c, c. per man, or 87.6 
per cent. That is, each man delivered on the average 62 c.c., i.e., 
12.4 per cent., at the end of one hour. These figures show a wide 
variation in the amount of material that may be recovered at the end 
of an hour by the two methods. It is possible that in Group 1 certain 
men did not refrain from taking fluids prior to the test meal, also in 
this group the fasting content was not obtained prior to the meal. 
In Group 3 the fast-contents were removed prior to the meal. It is 
of interest to note, however, that the average free and total acids for 
the two groups are practically identical. 

The twenty men of the second group were given a total of 10,000 
c.c. of a fluid mixture and all of this, save the amount returned by 
aspiration, was permitted to enter the duodenum. Of this amount 
of fluid given 1,480 c. c. were withdrawn as samples, that is, each man 
averaged a return of 74 ¢.c., or 14.8 per cent. of the amount taken. 
This means that 85.2 per cent., or 426 c.c., of the material passed into 
the duodenum in an average period of 111 minutes. These figures 
when compared with those from Group 3 seem to indicate that successive 
withdrawals over a period of 111 minutes, 74 c.c., is the equivalent of 
the amount of material in the stomach at the end of one hour. In 
other words, successive withdrawals appear to lengthen the time for a 
given amount of material to pass the pylorus. This point is further 
emphasized by figures of Group 2, calculated for a sixty minute period. 
The twenty men of this group returned 800 c.c. in samples, that is, 
each man averaged 40 c.c. in returns, or 8 per cent. This means 
that 9,200 ¢.c., or 92 per cent., of the original 10,000 c.c. given was 
either in the stomach or passed into the duodenum at the end of one 
hour. If these figures can be compared with those in Groups 1 and 3, 
then it appears that successive withdrawals during the hour material 
is within the stomach, in some way, reduces the power of the stomach 
to rid itself of contents. That as much material does not leave the 
sto:nach when the “fractional method” is employed is further indicated 
by the fact that only in an average of 111 minutes, practically two 
hours, is the stomach entireiy empty and at which time 14.8 per cent. 
of the material given has been withdrawn as samples. This percentage 
of withdrawals for 111 minutes is practically the same as the amount 
of material withdrawn at the end of sixty minutes by the third method. | 
On the other hand, the average returns for both Groups 2 and 3 are 
less than for Group 1. It is possible that the anticipation of the tube 
by the first group in some way interfered with gastric evacuation. 
In Groups 2 and 3 this possible psychic factor was removed in that the 
tube was taken before the meal. 
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The data presented above, relative to gastric clearance offers no 
direct evidence as to the mixing power of the stomach. However, the 
results of the “rapid withdrawal method” do, in a rough way, indicate 
the degree of acid concentration in various portions of the stomach 
contents. It further appears from the present work, and that of 
Gorham’ that gastric peristalsis does not act in such a manner as to 
cause any extensive mixing of the gastric contents as a whole. On 
this point the physiologist appears to hold a firmer view than the 
clinician who, by performing a “fractional” gastric analysis, presumes 
that the stomach contents is of a uniform acidity for the various phases 
at which samples are withdrawn for titration. Such gastric tests, 
though highly instructive if correctly interpreted, must be interpreted 
in the light of what really occurs when a sample of material is withdrawn 
from the stomach. 

REVIEW OF LITERATURE 

The modern views relative to the major activities of the stomach 

are well set forth by Rehfuss.* To quote, page 28: 


During the digestive phase, the two parts, the fundus and the pyloric antrum, 
can be readily delineated. The fundus serves as a reservoir, receiving the food 
and pouring out the active gastric secretion but playing little part in active motor 
function. This accounts for the continuance of salivary digestion in the interior 
of the food mass for some time after food has left the mouth, and it explains 
the difference in the character of the material found in the fundus and 
duodenum on double gastro-duodenal intubation. 


This author, after briefly reviewing the theory of “the acid control 
of the pylorus” and in the main accepting it, states that material is 
regurgitated into the stomach from the duodenum whenever the acidity 
of the chyme in the former reaches a high degree of concentration. To 
quote him on this point, pages 32-33: 


(1) Trypsin is found almost constantly in both the fasting and the 
digestive phases of digestion, the interdigestive and digestive phases of the 
stomach. (2) Trypsin is highly resistant to the action of acid and pepsin and 
forms the index for pancreatic regurgitation. (3) The tryptic value was found 
to be high in the presence of low acidities and low when the contents were of 
high concentration. When normally the acidity reaches excessive limits, its 
fall is accomplished by a rise in the trypsin values. (4) We were able to 
demonstrate for instance, that 0.5 per cent. HC1 is followed by a fall in acidity 
to about 0.2 per cent. due to the regurgitation of alkaline intestinal contents as 
indicated by a fall in acidity coincident with a rise in trypsin values. 


For the purpose of this paper, the quotations stated above indicate 
that the acidity of the stomach content varies in different portions, being 


1. Gorham, F. D.: Variations of Acid Concentration in Different Portions 
of the Gastric Chyme, and Its Relation to Clinical Methods of Gastric Analysis, 
Arch. Int. Med. 27:434 (April) 1921. 

2. Rehfuss, M. E.: Diseases of the Stomach. Oxford Medicine, Oxford 
Univ. Press. Chapt. 2, pp. 19-121. 
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alkaline in the fundus and inner mass of the food, and that an 
accumulation of acid in the pyloric portion is neutralized more or less 
completely at various times by the regurgitation of duodenal contents. 
Just what influence these factors have on the interpretation of functional 
secretory curves, “fractional method,” is not stated by Rehfuss although 
considerable attention is given to a consideration of the secretory 
powers of the stomach in relation to diseased conditions. 

In 1814, Home * described the dog’s stomach as consisting of two 
portions: the first, or fundic portion, containing fluid and solid material ; 
the second, or pyloric portion, containing half digested food of uniform 
consistence. Eberle, in 1834,‘ made similar observations and further 
demonstrated that, when the stomach is carefully opened during diges- 
tion, the surface of the mass in the cardiac end shows signs of digestion, 
whereas the interior of the mass remains unchanged. 

Ellenberger and Hofmeister,’ Ellenberger and Goldschmidt * and 
later Scheunert *? showed that the digestive processes in the two ends 
of the stomach of the horse and pig are different for several hours 
after eating; also that different foods fed successively are not found 
uniformly mixed but in strata. Cannon,* 1898, by mixing bismuth 
subnitrate with different portions of a meal found that the various 
portions of the meal when eaten were arranged in layers in the stomach. 
The first portion of the meal arranged itself along the greater curvature, 
the third portion along the lesser curvature and the second portion 
between the other two. Ten minutes after peristal¥§s began, the strati- 
fication had entirely disappeared toward the pyloric end while, after a 
period of eighty minutes, the layers were still visible in the fundic 
portion. 

Griitzner,® 1902, after feeding a divided meal of various foodstuffs, 
killed the animals (frogs, cats, dogs) at various periods of time follow- 
ing the meal, froze the stomachs and found that only the outer layers 
of food were acidified and digested. The central layers in the cardiac 
end retained for hours a neutral or weakly alkaline reaction. Results 
of a similar value were obtained by Cannon ™ after feeding alkalinized 
meals to cats and dogs. 


3. Home: Lectures on Comparative Anatomy, London, 1814, 1:, p. 140. 

4. Eberle: Physiologie der Verdauung, Wirzburg, 1834, pp. 81, 91, 100, 154. 

5. Ellenberger and Hofmeister: Arch. f. wissensch. u. prakt. Thier. 8:1882; 
9:1883; 10:1884; 12:1886. 

6. Ellenberger and Goldschmidt: Ztschr. f. physiol. Chem. 10:384, 1886. 

7. Scheunert: Arch. f. d. ges. Physiol. 114:64, 1906. 

8. Cannon, W. F.: The Mechanical Factors of Digestion, New York, 1911, 
Longmans, Green & Co., p. 227; Am. J. Physiol. 1:378, 1898 

9. Griitzner: Arch, f. d. ges. Physiol. 106:463, 1905; Deutsch. med.-Ztg. 
No. 28, 1902. 

10. Cannon, W. B.: Am, J. Physiol. 1:379, 1898, 





WHEELON—STOMACH FUNCTION 627 


Knox," in discussing the processes of gastric filling for man as 
observed radiographically, refers to the work of Dr. Jefferson as 
follows: 

When a small quantity of opaque food in the form of an emulsion is 
swallowed, it may be seen at the lower end of the esophagus, where it is 
momentarily held up. It then flows obliquely towards the left, where it 
accumulates to form a triangular-shaped shadow, with the apex pointing 
downward, This triangular mass continues to increase as the patient swallows 
more food, the time elapsing before the food passes lower down seeming to 
depend upon the tonicity of the stomach walls. In the next stage a narrow 
streak of opaque food passes down into the sinus, forming a longitudinal band 
filling the canalis gastricus, which lies along the lesser curvature. This stage 
may last only a few seconds. The sinus is gradually distended widening out 
from below upwards, until the whole organ is filled, except the air space at the 
fornix. 

Modern physiology, as exemplified by textbooks, teaches that the 
fundic portion of the stomach exercises a steady pressure on its contents 
in consequence of which successive portions of the undigested food 
mass are presented to the walls of the stomach to replace the layers 
which loosened by the digestive action of the gastric juice are swept 
on to the pylorus by the peristaltic waves.* An older view of the move- 
ments of the gastric contents was that described by Beaumont '* who 
considered that the contents of the stomach were kept in a rotary 
movement so as to become thoroughly mixed or churned. Possibly, 


the erroneous phrase “churning action of the stomach” is to be ascribed 
to the description by Beaumont. 

Sick,’* found that materials withdrawn from the two portions of 
the stomach possessed different chemical and physical properties. He 
further found that coloring matter, charcoal or carmine, when taken 
after a semifluid meal did not appear in the pyloric region until from 
twenty-five to forty minutes later. 

The above citations are sufficient to establish the fact that the gastric 
contents are not, as a rule, uniform mixtures throughout the various 
stages of digestion. However, I wish to call attention to several early 


observations which, though a century old, are in the main identical 


with our present theory of gastric activity. 

A. P. W. Philip,"* refers to his observations on the activity of the 
stomach as observed in about 130 rabbits immediately after they had 
been killed. 


11. Knox, R.: Radiography and Radiotherapeutics. New York, 1919, The 
Macmillan Co, pp. 328-329, 

12. Beaumont, W.: Physiology of Digestion, Plattsburgh, 1833, p. 110. 

13. Sick: Deutsch. Arch. f. klin. Med, 98:199, 1906. 

14. Philip, A. P. W.: A Treatise on Indigestion and Its Consequences, Ftc. 
Philadelphia, 1822, Benjamin & Thomas Kite, p. 205. 
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The first thing that strikes the eye on examining the stomach of rabbits 
which have lately eaten is, that the new is never mixed with the old food. 
The former is always found in the center, surrounded on all sides by the old 
food, except that on the upper part between the new food and the smaller 
curvature of the stomach there is sometimes little or no old food. All around, 
the nearer the food lies to the surface of the stomach the more it is digested. 
This is true even with regard to the food in the small curvature, compared with 
that nearer the center, and the food which touches the surface of the stomach 
is more digested than any other found in the same part of the stomach; but, 
unless the animal has not eaten for a great length of time, the food in contact 
with the surface of the stomach is in very different stages of digestion in 
different parts of the organ. It is least digested in the small curvature, more 
in the large end, and still more in the middle of the great curvature. The 
foregoing observations apply to the cardiac portion of the stomach; the food 
in the pyloric portion is always found in a state very different from that just 
described, It is more equally digested, the central parts differing less from those 
which lie near the surface of the stomach. It is evident however, that all the 
change effected in the stomach is not complete when the food enters this 
portion of it, because we find it the more digested the nearer it approaches 
to the pylorus, where, being ready to pass into the intestine, it has undergone 
all that part of digestion which is performed in the stomach, It appears, 
that in proportion as the food is digested it is moved along the great curvature, 
where the change in it is rendered more perfect to the pyloric portion. Thus the 
layer of food lying next the surface of the stomach is first digested, and !n 
proportion as this undergoes the proper change, and is moved on by the 
muscular action of the stomach, that next in turn succeeds to undergo the 
same change. As the gastric fluid, to a certain extent, pervades the contents of 
the stomach, though apparently in no other way than by juxtaposition, for the 
arrangement of the food, above described we never found disturbed; the 
change in each part, which in its turn comes in contact with the stomach, is 
far advanced before it is in actual contact with it; and consequently is soon 
after this in a proper state to be moved on towards the pyloric end. Thus 
a continual motion is going on, that part of the food which lies next the surface 
of the stomach passing towards the pylorus, and the more central parts 
approaching the surface. 


The observations and explanations offered by Philip concerning 
the activities of the stomach were both warmly received and rejected 
by his contemporaries. For instance, J. A. Paris,’® O. Halstead,'® 
and James Johnson ** quote the works of Philip freely and agree with 
his findings. On the other hand, Nathan R. Smith,’* writing three years 
after the publication of Philip’s work, although quoting this author, 
attacks the entire theory of secretory functioning of the stomach as 
evolved by Spallanzani, Hunter and others. The vehemence of this 
attack by Smith is shown in the following quotation, page 25. 

15. Halstead, O.: A Full and Accurate Account of the New Method of 
Curing Dyspepsia, Discovered and Practiced by O. Halstead. New York, 
1830, p. 156. 

16. Paris, J. A.: A Treatise on Diet, Etc. New York, 1828, E. Duyckinck, 
Collins & Co., Collins & Hannay, and O. A. Roorbach, p. 210. 

17. Johnson, James: An Essay on Indigestion, Etc. Philadelphia, 1831, 
Nathan Kite, p. 194. 

18. Smith, Nathan R.: A Physiological Essay on Digestion, New York, 1825, 
FE. Bliss and E, White, p. 93. 
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It were ridiculous in us, as it has appeared in many writers on this subject, 
to inflict, like Falstaff, a new stab on these dead theories for the sake of 
making the victory, in part, our own. They are obviously inconsistent with the 
principles of medical logic, now well established. 


Further. 


The sensible properties of chyme suggested to some of the older anatomists 
the idea that the aliment was, in the stomach, attacked by a myriad of small 
worms which reduced it to the uniform pulpy mass of this substance. Perhaps 
they were as near the truth as those who consider the process to be performed 
by a chemical agent, for neither the existence of these wonderful worms, nor 
of the less wonderful fluid can be proved, and if we reason from the effect 
alone, we should with more propriety ascribe it to the former. 


Reaumur, Spallanzani, Hunter, Magendie, Fordyce, Prout, Philip 
and Paris to the contrary, one might add. However, the observations 
of Philip have in principle withstood adverse criticism. 


DISCUSSION 

From the foregoing references to the literature and from the results 
of a limited number of gastric analyses it appears that the gastric content 
is not of a uniform acid concentration and that the stomach does not 
act as a churn or general mixing apparatus. If such conditions are to 
be accepted as normal then it appears that any single sample of the 
gastric content at any time following the taking of a meal, of necessity, 
will not be representative of the remaining content. A given sample 
of the gastric contents can only be of value when it is definitely known 
from which portion of the stomach it was removed. 

A correct analysis of gastric activity can only be made when it is 
known (1) from what portion of the stomach the tube is delivering; 
(2) whether or not duodenal regurgitation is occurring; (3) the degree 
of motility of the stomach; (4) the secretory power of the stomach 
and, (5) the effects of withdrawals on the motility and secretory 
functions. If the works of Rehfuss, Hawk, Boldyreff and others are 
correct, and we have no reason to discredit them at the present time, 
then the position of the stomach tube tip becomes of relatively little 
importance for the reason that a tip in the pyloric antrum may deliver 
not only samples of high acid concentration but also samples of low 
acid concentration and high tryptic value because of duodenal regurgi- 
tation. Gastric motility may also shift the tube tip about in such a 
manner as to cause the delivery of material from any portion of the 
stomach. The rapidity with which the stomach empties itself might also 
alter the degree of acid concentration for any set of samples withdrawn. 
It further appears that the response of a given stomach to a test meal 
should also be considered, as recent work has shown that the same 
stomach responds differently to different types of foodstuffs. The usual 
test meal, especially the one used in the present experimental work, is far 
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from palatable even though it allay hunger contractions. Lastly, as 
pointed out above, the effects of the sudden withdrawal of 10 c.c. 
amounts from the stomach at stated intervals should be considered. It is 
not justifiable, at least at the present time, to assume that the removal of 
such quantities from the stomach is in any way the equivalent to the 
ejection of chyme through the pyloric sphincter into the duodenum. 
The tonicity of the stomach, especially of the fundic end, is usually just 
sufficient to approximate the walls of the stomach against the mass 
contained. Under such a degree of tonicity the fundus presents new 
material to the pyloric region, small portions of which are expelled 
more or less rhythmically into the duodenum. Hence, it appears that 
a sudden reduction in the mass within the stomach would result in at 
least a temporary relative loss of tonicity, i.e., the stomach would have 
to reinstate a tonicity sufficient to exert a pressure on the gastric mass. 
This point seems to be of some interest although the figures given 
above are not sufficient to establish the explanation given. 

From the above considerations it becomes evident that “correlation 
of all data is essential to successful interpretation of gastric curves.” * 
Further than this, it appears that gastric curves, in a majority of cases, 
cannot justly be taken to represent the powers of the stomach to form 
acid from any point in the curve cannot be taken as indicative of 
the mass as a whole left in the stomach at that time of withdrawal. In 
the words of Cannon,* who quotes Sick, Prym et al.: “Evidently, if 
the contents are not a uniform and homogenous mixture, not only may 
the stomach tube give wrong testimony, but the food even when 
expressed as a whole be equally deceptive.” When added to this we 
find duodenal regurgitation with its consequent reduction of the acid 
concentration in the pyloric portion of the stomach, the chances for 
“wrong testimony” become greatly increased. 

In spite of the fact that the present work tends to diminish the 
importance of the “fractional method,” it is not the desire to leave the 
impression that gastric analyses are of but little clinical importance. 
It is true that “The use of the roentgen ray and exploratory incision,” 
as suggested by Green,’® “has displaced the systematic examination of 
the gastric contents to an unjustifiable degree. In relation to the 
stomach the tube is the most valuable of our aids to diagnosis and 
therapy alike.” 

SUMMARY AND CONCLUSION 

1. The acid concentration of the gastric contents is not, in the 
majority of cases (nineteen young men), constant in all portions of 
the gastric content at the end of one hour of digestion. 


19. Green. C. L.: Medical Diagnosis for the Student and Practitioner, 
Philadelphia, P. Blakiston’s Son & Co. 
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2. The withdrawal of gastric contents for the purpose of determining 
the acid concentration, the type of the meal, the position of the tube 
tip, and duodenal regurgitation are factors which militate against the 
acceptance of “Fractional Curves” as indicative of the secretory func- 
tions of the stomach. The variations in the curves of the twenty men 
studied by the “fractional method” may, in part, be the result of 
these physiologic factors. 

3. As pointed out by Gorham these physiologic factors, in great 
part may be held as responsible for the various “Secretory Curves” 
which formerly were considered functional alterations in the power of 
the stomach to form acid. 

















A CASE OF ALKAPTONURIA WITH A _ STUDY 
OF ITS METABOLISM * 


R. B. GIBSON, Px.D. ann C. P. HOWARD, M.D. 
IOWA CITY 


REPORT OF CASE 


History—A male, aged 44 years, entered the medical clinic in May, 1920, 
with symptoms and signs of a midbrain lesion, possibly due to a tuberculoma. 
He was almost completely aphasic and no history of his family antecedents 
or his previous medical condition could be elicited. 

Examination.—The first two routine examinations of the urine revealed 
a slight reduction with Fehling’s solution but no other abnormality was then 
noted. A day or two later, we were struck with the appearance of a specimen 
of urine because of its peculiar mahogany brown color. We were told that it 
belonged to our patient with the midbrain lesion and that it reduced Fehling’s 
solution, which first appeared brownish black and later gave a reddish copper 
sediment. We naturally immediately suspected alkapton as the cause for the 
change. Our suspicions were further confirmed when it was found that the 
color of the freshly voided urine was the normal amber, which gradually 
deepened to dark mahogany brown on standing. Further special tests of the 
urine confirmed the presence of alkapton and the patient was transferred to 
the metabolism unit for more careful study. 


sefore giving the results of this study, let us briefly review the main 
points known about this anomaly of metabolism. Boedeker,' in 1861, 
first detected a reducing substance in the urine to which he gave the 
name “alkapton” (a bilingual word derived from alkali and katein, 
to absorb greedily) because of its behavior toward alkalies. In 1891, 
Wolkow and Baumann * identified alkapton as homogentisic acid with 
an empirical formula of C,H,O,. Later, Baumann and Fraenkel,* 
Osborne,* and Neubauer and Flatow * successfully synthetized it and 
proved its structural formula to be that of para-dioxyphenylacetic acid 


(hydroquinon-acetic acid ) 


(‘ OH 
BOL / 

CH: 

COOH 


This substance can readily be separated from the urine by the addition 
of solid neutral lead acetate, the resultant dense precipitate filtered off, 


*From the Medical Clinic and the Chemical Research Laboratory of the 
University Hospital of the State University of lowa. 

1. Boedeker, C.: Ann. d. Chem. u. Pharmakol. 117:98, 1861. 

2. Wolkow, M., and Baumann, E.: Ztschr. f. physiol. Chem, 15:228, 1891. 
3. Baumann, E., and Fraenkel, S.: Ztschr. f. physiol. Chem. 20:219, 1895. 
4. Osborne, W. A.: J. Physiol. 29:13, 1903. 
5. Neubauer, O. and Flatow, L.: Ztschr. f. physiol. Chem. 52:375, 1907. 
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and the clear yellow filtrate allowed to stand in the cold when the 
crystals of lead homogentisate appear, which later can be purified into 
colorless crystals of homogentisic acid with a melting point of 146 C. 

Qualitative Tests——The urine on exposure to the air or on the 
addition of alkali turns brown or even black. It reduces copper solutions 
but does not yield to the fermentation test, does not reduce alkaline 
bismuth solutions and does not rotate polarized light. An ammoniacal 
solution of silver nitrate is quickly reduced by it in the cold. Lastly, 
when a dilute solution of ferric chlorid is added to the urine, drop by 
drop, a deep blue color appears for a moment, as each drop falls, until 
oxidation is complete. 

Incidence.—It is a rare condition. Not more than seventy cases 
exist in the literature and only eleven have been reported from America. 
Barton Brune* of Baltimore, in 1886, reported the first case in this 
country. Subsequently, cases were published by Marshall? of Phila- 
delphia, Ogden * of Milwaukee, and Osler * of Baltimore, etc., making 
a total of twelve, with ours. There is an unquestionable familial 
tendency, especially in the offspring of consanguineous marriages, 
according to A. E. Garrod.’® Though familial, it is not congenital, and 
no reports of parent and child being afflicted have ever appeared. 
Garrod’s series of eleven cases occurred in four families in all of which 
the parents were first cousins. In its incidence, it shows a striking 
similarity to albinism. It is more common in males than females. 

Symptomatology.—As a rule, there is no inconvenience experienced 
by the patient, except, possibly, the staining of the underclothes by the 
urine. Occasionally, there is dysuria. It is often not recognized until 
the patient submits to a life insurance examination and the applicant 
is rejected as a diabetic. One of Osler’s patients had been treated for 
mild glycosuria by four prominent continental physicians, before con- 
sulting Osler. A more careful analysis of the urine by T. B. Futcher ** 
revealed the fact that the reducing substance was alkapton. Though 
usually constant, it may be intermittent, and absent for years at a 
time. A small proportion of the cases (twenty-four cases up to 1919) 
are associated with ochronosis or blackening of the cartilages and fibrous 
tissues and pigmentation of the skin. Alkaptonurics, with an associated 
ochronosis, may reveal during life pain, swelling and deformity of one 
or more of the larger joints of the extremities or of the small joints 
of the hands—a condition termed by Osler ochronotic arthritis. To 


6. Brune, B.: Boston M. & S. J. 115:621, 1886; 116:83, 1886. 

7. Marshall, J.: Med. News, 50:35, 1887. 

8. Ogden, H. V.: Ztschr. f. Physiol. Chem. 20:281, 1895. 

9. Osler, W.: Lancet, 1:10, 1904. 

10. Garrod, A. E.: Inborn Errors of Metabolism: 1909, London, p. 41. 
11. Futcher, T. B.: New York M. J. 67:67, 1898. 
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explain this condition, Albrecht '* considered that homogentisic acid, 
or one of its derivatives, combined with the chondromucoid or the 
chondroitin sulphuric acid of the cartilage to form the pigment. 

In a few rare instances temporary alkaptonuria has been found in 
association with gastro-enteritis, gastric ulcer, pulmonary tuberculosis, 
peritoneal tuberculosis and diabetes. Falta and Langstein ** have 
shown that some patients with. grave diabetes have less power of 
destroying homogentisic acid administered by mouth than have normal 
persons. 


Pathogenesis.—It is a freak of metabolism, or as Garrod so well 
expresses it, “an inborn error of metabolism.” The error consists in a 
failure to complete the catabolism of the aromatic fractions of the 
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Fig. 1.—Scheme of the origin of homogentisic acid (adapted from Neubauer). 


proteins, tyrosin and phenylalanin. The tyrosin and phenylalalin of both 
the food and tissue proteins are concerned. During fasting the output 
of homogentisic acid is diminished, but is not arrested. A diet rich in 
proteins greatly increase the output, and when tyrosin or phenylalanin 
is given by mouth to an alkaptonuric an almost corresponding quantity 
of homogentisic acid appears in the urine. On the other hand, these 
amino-acids, when taken by normal persons, are destroyed and the 
benzene ring broken up. The quantities or homogentisic acid excreted 
by different alkaptonurics are singularly uniform when the nature of 

12. Albrecht, H.: Ztschr. f. Heilk. 23:366, 1902. 

13. Falta, W., and Langstein, L.: Ztschr. f. physiol. Chem. 38:513, 1903. 
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the diet and ages of the patients are allowed fur. This amount varies 
from 3 to 6 gm. in twenty-four hours, though rarely 16 gm. and even 
18 gm. have been found. Garrod states that there is reason to believe 
that the error is in all instances complete and maximal in degree. 
Wolkow and Baumann? suggested that the change from tyrosin to 
alkapton might take place in the intestine under the influence of a 
rare specific microbe, but Garrod supports the view that the change 
occurs in the tissues after the absorption of the tyrosin rather than 
in the alimentary canal. Normally at least a part of the benzene ring 
may be broken up in the body, involving the production of beta- 
oxybutyric acid; two of the carbon atoms of the latter are derived 
from the phenyl ring and two from the side chain, according to 
Wakeman and Dakin"* (Fig. 1); neither tyrosin nor phenylalanin 
yield glucose in the phloridzin diabetic dog as do some of the non- 
ring-form amino-acids (Lusk).'® 


TABLE 1.—DererminaTiIon oF Homocentisic Acip 


Homogentisie Acid 
“A 


Day Total N, Gm. . H-N Quot. 
6/11/20 6.27 3.77 0 
6/12/20 7.34 or) 6) 
6/13/20" 6.08 3. 1038 


* Two grams of tyrosin ingested. 


In alkaptonurics, the conversion of tyrosin and phenylalanin into 
homogentisic acid is so complete that the ratio of homogentisic acid 
to the total nitrogen in the urine tends to be constant and the same 
for all cases (Garrod). The homogentisic acid amounts to 40 or 45 
percent of the total nitrogen figure. 

Gross,’* in 1914, found that the serum of normal animals and man 
destroys homogentisic acid, probably producing acetone ; this change is 
brought about by an active enzyme which seems to be absent in the 
alkaptonuric. Since our own observations have been made, Katsch ™* 
has reported the case of a boy in whom he had earlier observed the 
disappearance of homogentisic acid from the urine during a starvation 
period. Subsequent study proved that the diminution of the alkapton 
condition was associated with ketone acidosis; at least the acidosis 
induced by a diet poor in carbohydrates reduced the H:N quotient 
to 1.5. The coincident acetone elimination was greater than theoret- 
ically could be obtained from the aromatic amino-acids alone. 


14. Wakeman, A. J., and Dakin, H. D.: J. Biol. Chem. 9:139, 1911 

15. Lusk, G.: The Science of Nutrition, Ed. 3, W. B. Saunders Co., Phila- 
delphia, 1917, p. 196. 

16. Gross, O.: Biochem. Ztschr. 61:165, 1914. . 

17. Katsch, G.: Deutsch. Arch. f. klin. Med. 127:210, 1918; 184:59, 1920. 
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In order to prove metabolically the present case one of alkaptonuria, 
the patient was put on a constant diet (70 gm. protein, 83 gm. fat, and 
253 gm. carbohydrate; no meat or soup); the homogentisic acid and 
the total nitrogen excretion were determined, and the effects of tyrosin 
added to the diet observed. Homogentisic acid was determined by 
Garrod’s modification of Baumann’s method. 

The homogentisic acid is higher in relation to the total nitrogen 
than is stated by Garrod, owing to the fact that milk was a principal 
constituent of the diet, and casein contains more of the aromatic amino- 
acids than do many of the common proteins. The characteristic increase 
in homogentisic acid is observed to follow the tyrosin ingestion. Sub- 
sequent determinations (Table 2) show a quotient of 42 to 57, with 
an average for the five days of 50; at this time the patient was on a 
varying diet and the food intake was not controlled. 

The distribution of the several nitrogenous constituents of the 
urine in alkaptonuria is said to remain normal (Lusk).‘* Only by 
high elimination of the homogentisic acid is the ammonia increased 
(Schumm).?* Adler ** states that purine metabolism is not disturbed. 
Ravold and Warren *° found the urea below the average and the uric 
acid somewhat diminished. Interest in the sulphur metabolism was 
early directed to the possible conjugation of the homogentisic acid, but 
the acid was found to be free or combined as simple salts (Meyer).** 

Certain difficulties are encountered in the determination of uric 


acid and creatinin by current methods in the presence of homogentisic 
acid. This is especially true of creatinin, which was finally determined 
after the removal of homogentisic acid with lead acetate. The silver 
lactate reagent of Folin and Wu * was promptly reduced in the cold, 
a reaction which should serve to identify homogentisic acid as other 
reducing substances that are found in the urine do not behave in this 


way. 

In our case we found a high ammonia nitrogen, low urea nitrogen, 
moderately high uric acid nitrogen figures, creatinuria, and high 
undetermined nitrogen. The sulphur excretion seems to have been 


essentially normal. 


18. Schumm, O.: Muench. med. Wchnschr. §1:1599, 1904. 

19. Adler, O.: Biochem. Ztschr. 21:5, 1909. 

20. Ravold, A., and Warren, W. H.: J. Biol. Chem. 7:465, 1910. 
21. Meyer, E.: Deutsch. Arch, f. klin. Med. 70:443, 1901. 

22. Folin, O., and Wu, H.: J. Biol. Chem. 38:459, 1919. 

















THE -INFLUENCE OF INORGANIC IRON ON THE 
REGENERATION OF BLOOD AFTER 
HEMORRHAGIC ANEMIA * 


JOHN H. MUSSER, Jr, M.D. 
PHILADELPHIA 


The controversy over the therapeutic effect of inorganic iron has 
raged for several centuries, in fact, very considerably has it occupied 
the minds of medical men since Menghis, in 1746, reported that he 
had found iron in the blood of man. This controversy continued up 
until the past fifteen years, when Abderhalden, in 1906, abandoned his 
contention that iron could not be converted into hemoglobin. Since, 
then, it has been very generally accepted that inorganic iron is con- 
verted into hemoglobin as is the iron in the food and the so called 
organic iron. A re-opening of this controversy might be said to have 
occurred last year, when Whipple * and his co-workers published their 
studies on the regeneration of the blood after anemia. In one of this 
series of papers they show that ordinary inorganic iron in the form 
of Blaud’s pills has little or no effect on blood regeneration without 
adequate diets, and they are lead to draw the conclusion that “we may 
not assume, without positive proof, that inorganic iron is of value in 
the treatment of simple anemia.” 

The present series of experiments were undertaken for the purpose 
of determining whether this conclusion would hold true in the type of 
anemia that represents more closely the type that is seen in clinical 
medicine than that which occurs after a single large or massive hem- 
orrhage. The opportunity was presented of securing some animals 
which had repeatedly been deprived of small amounts of blood over 
various intervals of time, and which had thus been rendered anemic. 
The anemia that these animals showed represented very truly the type 
of anemia which occurs after recurring loss of small amounts of blood 
and which the physician is called on most frequently to treat. These 
animals had been bled for varied lengths of time over periods ranging 
from six to eight weeks, and then immediately before starting the use 
of iron, they were rendered more anemic by one or more large bleedings. 
It is} of course, recognized that the factor of damaged blood formation 
(which is more or less of a factor in many clinical anemias) was not 
included in either these or Whipple’s experiments on the efficacy of 
inorganic iron. 

*From the Department of Research Medicine, University of Pennsylvania. 


1. Whipple, G. H., Hooper, C. W., and Robscheit, F. S.: Blood Regeneration 
following Simple Anemia, Am. J. Physiol. 53:263, 1920. 
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Fig. 1—Hemoglobin and erythrocytes of Dog 19-4 and control. 
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Fig. 2—Hemoglobin and erythrocytes of Dog 20-12 and control. 














ARCHIVES OF INTERNAL MEDICINE 


METHODS 

In order to follow as carefully as possible the response of the 
animal to repeated hemorrhage, the following studies were undertaken: 
hemoglobin estimation, red cell count, enumeration of the white blood 
cells, differential count, resistance of the red cells to hypotonic salt 
solution, occasional observation on the percentage of skein cells and the 
determination of the total blood volume. The hemoglobin was estimated 
by the method of Newcomer ; the red cells and white cells were counted 
by the usual methods on the Levy counting chamber ; the resistance of 
the red cells was determined by the addition of a known quantity of 
red cells to a known quantity of hypotonic salt solution in ascending 
proportions, ranging from 0.25 to 0.5 per cent.; the skein cells were 
stained vitally with brilliant cresyl blue in potassium oxalate and 
counted with the oil immersion lens; and the blood volume was esti- 
mated by the method of Keith, Rountree and Geraghty. The blood 
for counting was collected from a puncture in the ear vein, made at 
approximately the same time each day and always before the animal 
had been fed. The blood for the volume estimation was taken from the 
jugular vein. The bleeding of the animals was from the jugular vein 
and in various quantities. The animals selected were apparently healthy, 
young adult dogs, and in order that the factor of diet might more closely 
approach that of the normal and bear no relationship to anemia, they 
were fed on the standard diet for all the dogs in the kennels, which 
consisted largely of hospital scraps. The animals were healthy through- 
out the course of the experiment and most of them gained weight. The 
blood counts were made at the start of the experiment and subsequently 
every second or third day. Except in one experiment, the dog which 
was given the iron and the control dog were studied the same day. 

The iron was given in the form of equal parts of ferrous sulphate 
and sodium bicarbonate in capsule. This combination of iron presents 
the iron carbonate in a soft and powdery form. The capsule can readily 
be placed in the dog’s mouth and pushed down with the finger until the 
dog swallows it. The gelatin capsule dissolves rapidly, and in such a 
form that it would not pass through the intestines undissolved as do the 
tightly compressed Blaud tablets at times. The dose of iron given each 
dog was estimated on the basis that an average dose for a human being 
of 65 kg. weight is 1 gm. a day. A proportionate dose was worked out 
for each dog according to his body weight on commencing the experi- 
ment. In order to make sure that sufficient iron was given, this dose 
was doubled; that is to say, an amount of iron equivalent to 2 gm. 
per diem for man, was given each dog. 


EXPERIMENTAL DATA 
Experiment 1.—In the first experiment, two dogs were employed which had 
been a long time splenectomized and which had been rendered anemic as the 
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Fig. 3—Hemoglobin and erythrocytes of Dog 20-11 and control. 
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Fig. 4—Hemoglobin and erythrocytes of Dog 20-4 and control. 
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result of weekly bleedings of 100 c.c. for a period of two and one-half months. 
Following the preliminary study, the two animals were bled respectively 400 c.c. 
The amount of blood taken from both animals was approximately the same. 
During a period of nearly two months blood counts were made, as a rule, every 
second or third day with occasionally three days intervening between counts. 
During this interval of time it can be noted that the dog which was given iron 
following the preliminary hemorrhage, 19-4, returned more rapidly than did 
the control dog, 19-6, to a higher hemoglobin estimation and, likewise the 


TABLE 1.—Doc 19-4. Lone Time Sprenectomizen. Briep 100 c.c. A WEEK 
For 2% Montus. Controttep By 19-6, 





Hb. | R. B.C. Resistance | Sk. Blood Volume Weight 
" 4,640 26-38 
Bled, 430 ¢.c. 3,520 
Start iron 
63 3,770 








| 
13.250 


4,040 
4,770 
4,970 
4,520 
5,240 


1,140 
752 


6,040 


7 
464 
6,010 cone Vv. 12 


388 
1,220 
56 
75 

‘ 


422 





number of red cells was increased more rapidly (Tables 1 and 2). However, 
dog 19-6, the control animal, started with a decidedly lower hemoglobin 
percentage than did dog 19-4, while in the course of the experiment both 
animals arrived about the same time at the high water mark in their counts. 
The resistance of both animals to hypotonic salt solution was about the same 
and varied somewhat from day to day. The marrow response, as shown by 
the skein cells, was somewhat more pronounced in the dog which was receiving 
the iron. The blood volume showed in the dog which was the more anemic, 
the greater reduction at the start of the experiment, and this continued about 
the same through the length of the experiment. The last volume estimation, 
however, did show, in spite of the fact that the volume of 19-4 was higher than 
19-6, that the total red cells of this latter dog were considerably higher. During 
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the course of the experiment it is to be noted that dog 19-4, which was taking 
the iron, developed an acute drop in the number of red cells and percentage of 
hemoglobin, as well as in the total blood volume, without any demonstrable 
cause. From this causeless short period of increased anemia the animal rapidly 
returned to its former standard. 

Experiment 2—The second experiment was analagous to the first, except 
that the dogs employed had not been splenectomized. Dog 20-12 had been bled 
steadily for a period of eight weeks, in quantities of about 150 c.c. every week. 


TABLE 2.—Doc 19-6. Lone Time Sprenectomizep. Briev 100 c.c. aA Week 
FoR 2% Montus. Controt or 19-4. 


R. B.C. Resistance Sk | Blood Volume Weight 





} 68 14,000 
Bled, 400 c.c. 
él 13,880 


6 
63 
61 
69 
66 
64 


8/13 
8/16 


8/20 
8/24 


8/26 6 6,080 


The control dog had been bled almost steadily for seven months. At the 
beginning of the experiment, the two dogs had relatively the same hemoglobin 
percentage. Dog 20-12, however, had a red cell count of a million and a half 
less than the control dog, 19-3 (Tables 3 and 4). The control dog was also the 
much larger animal, with red cells which were more resistant than in the other 
animal. The blood volume of the two dogs was about the same on commencing. 
However, the control dog’s subsequent estimation showed a much larger total 
volume. While the red cells were absolutely greater in number in this animal 
than in his fellow, the much larger plasma content would indicate a relatively 
lessened’ concentration of the erythrocytes in the peripheral circulation as well 
as a lower hemoglobin estimation, so that in this animal the blood volume 
estimation shows that the control dog is regenerating more rapidly and more 
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TABLE 3.—Doce 20-12. Brien 150 c.c. Weexkty For 8 Weeks, Last BLeEepInc 





Blood Volume Weight 


a: 


M 
stop iron 


S33 95 4 
ows wo wd pw Vd! 
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TABLE 4.—Doc 19-3. Briep 100-150 c.c Weekty For 7 Montus, Last BLEEDING 
6-28. Controt or 20-12. 








Blood Volume Weight 





15,730 
15,560 


15,440 
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TABLE 5.—Doe 20-11. Brien 900 c.c. 1n SmaALt BLEEDINGS, In Two MonTus. 
THen 100 cc. Every Orner Day ror Turee Days, Fottowep By a 
Bieepinc oF 350 c.c. Controtiep By 20-13. 





Date Hb. | BBO. Resistance Sk. Blood Volume Weight 

7/16 52 3,540 2 es iy 17,330 
Start iron 

7/19 64 3,970 re T.V. 1,14 16,040 








1-100 
6 100 
3.100 





4100 
ecece 17,600 


1-300 
jie 17,90 





TABLE 6.—Doe 20-13. Biep 600 c.c. 1n Smatt BLEEDINGS IN 6 Weeks. THEN 
Dairy Brieepinc or 100 c.c. For Turre Days anp 250 c.c. on Eacn oF 
THE FoLLow1nGc Turee Days. Controt or 20-11. 








Date Hb. R. B. C. Resistance 8 Blood Volume Weight 





7/26 4 3,120 T.V. 813 15,600 
| ye He Lad 
T.R 311 
7/28 
7/30 5-100 T. V. 1,026 
.P. TH 


R298 


V. 1,225 


T.P. ‘857 
. RB. 368 
. V. 1,270 
fe 25 
R445 
T. Vv. 1,200 


799 


R478 

















646 ARCHIVES OF INTERNAL MEDICINE 


completely than the simple peripheral counts would indicate. The control dog, 
in the month that the counts were being made, recovered from his anemia rather 
rapidly, as did the other dog. At the end of the month, the hemoglobin of the 
control dog was slightly higher, while the red cells were slightly lower, than 
the other animal. The blood volume of the larger dog, that is the control, had 
increased, as was to be expected, very much more rapidly than the other animal, 
and the same holds good in the total number of red cells. At the end of the 
month the iron was stopped. Nothing further was done to the dogs until a 
month later, when they were again counted. The count at this time showed that 
the dog which had been receiving the iron, had increased its hemoglobin 
percentage to 101, and apparently had not recovered from its anemia when the 





TABLE 7.—Doc 20-4. Lone Time Spienectomizep. Controttep By 20-5. 





R. B.C. Resistance Sk | Blood Volume Weight 
R 5,190 10,000 
Bled, 350 c.c. 
4 2,980 5 ieduapeaiants 10,100 
Bled, 175 ¢.c. | 
start iron 
1 


12,400 


TABLE 8.—Doce 20-5. Lone Time Sptenectomizep, Contrort or 20-4. 





Hb. R. B.C. Resistance § Weight 


5,120 16,000 
3,070 ineetbasases 16,600 


93.5 
Bled, 425 ¢.c. 


»”O 
Bled, 350 c.c. 
42 


3,100 16,900 
63 3,650 7 . V. 1,066 16,730 


16,800 
16,900 


count had been stopped a month earlier; whereas, with the control dog, figures 
that were normal for that dog had been reached when the experiment was 
stopped. It is interesting to note that throughout the course of this experiment 
the resistance of the control dog was always greater than the animal which was 
receiving the iron. 

Experiment 3—The procedures in this experiment were altered somewhat. 
Two animals, 20-11 and 20-13, which had been bled small quantities every six or 
eight weeks, were then bled 100 c.c. for three consecutive days, and then larger 
bleedings for the next three days. When these bleedings were stopped, the 
dog which was to receive the iron, 20-11, had a lower hemoglobin estimation and 
a higher red cell count than did the control dog (Tables 5 and 6). This dog 
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also showed a very vigorous marrow response, as shown by the skein cells. The 
total blood velume was considerably higher than with the control. The severity 
of the anemia is shown by the blood volume estimations to be much greater 
than the peripheral blood counts would indicate. Regeneration of the red cells 
after the hemorrhage was more rapid in the dog taking the iron. On the other 
hand, in the control dog, the hemoglobin rose slowly but ultimately attained 
higher figures than it did with the iron-taking animal. In this experiment the 
resistance of the red cells to hypotonic salt solution was slightly greater in the 
control animal. The skein cells in the animal receiving the iron were more 
frequent during the course of the experiments than in the animal that was used 
as a control. To return again to the blood volume, it can be seen that the 
total volume of the iron taking dog, the heavier of the two, remained greater 
than in the control dog until the last count. Likewise, the total reds of the 
control dog were considerably higher at the end of the experiment than in the 
test dog. Both animals increased in weight during the course of the experiment. 

Experiment 4.—The last experiment was undertaken for the purpose of deter- 
mining the rapidity of the blood regeneration of two splenectomized animals 
who had been splenectomized a long time. Both animals, 20-4, and 20-5, were 
relatively anemic at the start of the experiment (Tables 7 and 8). Each 
animal was bled as large a quantity as could be taken from him on two 
successive days and both were rendered extremely anemic. The anemia of the 
control dog, the smaller of the two, was greater than that of the other after 
the hemorrhages. Both dogs returned, in a period of a little over three weeks, 
to a higher standard than before the bleeding. The resistance of the red cells 
in the two animals during the course of the experiment was about the same. The 
skein cells showed a somewhat more active marrow response in the iron 
taking animal. In this latter dog, the blood volume was also greater as were 
the total reds. Both dogs gained weight. 


DISCUSSION 

The results of these experiments would seem to substantiate the 
contention of Whipple that under ordinary circumstances the giving of 
inorganic iron does not have a particularly marked effect on blood 
regeneration and the correction of hemorrhagic anemia in experimental 
dogs. It may be contended, and, we believe, rightly so, that the return 
to the normal in these animals is so rapid that the iron can have but 
little effect when nature is taking care of the anemia so thoroughly. 
However, in two of the dogs, which had been rendered anemic by 
repeated bleedings and by a long time splenectomy, the return to 
normal was relatively slow, yet in neither the control, 19-6, or the 
experimental dog 19-4 was there any obvious or material difference 
in the capacity of the regeneration of the red cells or hemoglobin. 
Difference, of course, exists between the dog taking iron and the 


controls, but only such as would be expected. It would be almost 
impossible to obtain animals which were alike in every respect. The 
hematopoietic systems of no two animals will respond in exactly the 


same manner. In considering experimental work of this type, various 
factors must be taken into consideration. The resistance of the red 
cells to hypotonic salt solution in some animals is greater than in others, 
and this must play some factor in altering the course of anemia. In 
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some animals, the response of the marrow and the stimulation of 
hemorrhage is greater than in other animals. This can be demonstrated 
by the skein cells. In some animals the blood volume is greater and 
better sustained than in others. Lastly, there is no absolute mean 
normal count as these and other factors product differences in the 
hemoglobin and red cells count in the different dogs. 


SUMMARY 

After hemorrhagic anemia in otherwise normal dogs, under standard 
conditions, dogs receiving iron in two of four experiments ( Experi- 
ments 1 and 3), regenerated blood more rapidly than their controls 
during the early stages: but both test and control dogs attained figures 
approximately normal in about the same time interval. In the other 
two studies, regeneration is seen to be more rapid and complete in the 
control dogs, particularly when the blood counts are analyzed in relation 
to the blood volume changes. 


CONCLUSION 


The administration of inorganic iron cannot be said to produce 
any constant alteration in the course of an experimental hemorrhagic 


anemia. 





NEW METHOD OF INTERPRETATION OF THE 
RENAL FUNCTION TEST MEAL* 


HERMAN SHARLIT, M.D. 
AND 
WILLIAM G. LYLE, M.D. 
NEW YORK CITY 


In a previous paper * we discussed the renal functional test meal, the 


interpretation of renal function as judged by specific gravity variation 
of the two hour specimens and character of night urine, and offered 
clinical evidence purporting to illustrate the influence of several extra- 
renal factors* on the test meal reaction. These extrarenal factors 
interfere considerably with the uniformity of response to the test meal 
by the same individual, at least upon viewing the responses in the 
manner heretofore suggested by Mosenthal. Subsequent to the publica- 
tion of our study, Mosenthal * reported further studies in renal response 
to diets in which he felt obliged to revise his previous dicta as to 
evidences of normality and the significance of certain deviations there- 
from, althougl. still adhering to volume and specific gravity as the 
essential criteria of renal function. The nature and direction of his 
revision can be gleaned from an inspection of Table 1, which contains 
in parallel columns his earlier and later standards of normality. 

The studies on which this report is based were completed previous 
to the publication of Mosenthal’s later investigation, and were the 
outcome of an effort to circumvent the difficulties presented by his 
earlier definitions on interpretation of the test diet, and become, it 
appears to us, more effective in the light of his later report. We reserve 
for another time, however, the presentation of studies based on the 
added data supplied us in his more recent publication. 

We felt satisfied that extrarenal influences on the reactions to the 
renal functional test diet operated chiefly through their effects on the 
supply of fluid to the kidney. We decided, therefore, to study the 
reactions chiefly in terms of the total solids eliminated, and some of the 
results of such studies we desire to make the subject of this report. 


*From Pathological Laboratory of Roosevelt Hospital and the Harriman 
Research Laboratory. 

1. Lyle, W. G. and Sharlit, H.: Arch. Int. Med, 21:366 (March) 1918. 

2. By the phrase “extrarenal factors” in connection with reactions to the 
test diet, we refer to those influences upon renal excretion that occur independent 
of the stimulation supplied the kidnéy by the test diet and hence a variable 
influence not controlled by the test. 

3. Mosenthal, H. O.: Arch. Int. Med. 22:770 (Dec.) 1918 





650 ARCHIVES OF INTERNAL MEDICINE 


The test meals used followed that outlined by Mosenthal.* All the 
meals were served from a special diet kitchen conducted under the 
supervision of the pathological laboratory at the Roosevelt Hospital. 
The meals were served at 8 a. m., 12 n. and 5 p.m. Two hour urine 
specimens were collected from 8 a. m. to 8 p. m., and the night specimen 
from 8 p. m. to 8 a. m. of the following day. Special care was taken 
to see that exactly 3 hours elapsed between the taking of the evening 
meal and the beginning of the collection of the night specimen. 

It being, of course, rather impracticable to seek to determine the 
total urinary solids by any analytical method, we adopted the 
very simple yet fairly accurate method of calculating the total solids 
present from the specific gravity of the specimen. For accurate 
estimations it is quite essential that all the solids in the urinary speci- 
mens be in solution. To insure such solution, we followed the procedure 
of warming the specimen to about 40 C. at which temperature quite 


TABLE 1.—Normat Stanparps For Test MEAL For RENAL FUNCTION 


Later Standard + 


co EN, 
Earlier High Low Normal 
Standard * Diet Diet Diet 


Maximum specific gravity. oven 1.018 + 1.018+ 1.0204 1.020 + 

Degree variation of sp. gr. usually. cone 9+ 9+ 9+ No value 

Sp. gr. of night urine. ° — 1.018+ Of no significance 

Volume c.c. of night urine. bencces ....400 @.c. or less 750 ¢.c. or less 

N and Nal per cent. in night urine or 1 Normal] if 1 per cent. or higher, 
highest per cent. in any specimen not necessarily abnormal! if less 


* Earlier standard: Mosenthal, H. O., and Lewis, D. S.: Jour.A.M.A., 1916, 67 : 933. 

+ Later standard (see footnote 3). 
all the urinary sediments readily went into solution with no danger 
of decomposition of nitrogenous solids. After allowing specimens 
to cool down to about 28 C. hydrometric readings were taken. The 
product of the last two figures of the specific gravity and the volume 
in cubic centimeters divided by 1,000 and the quotient multiplied by the 
constant 2.3 as determined by Haeser or 2.6 as estimated by Long ® 
gives approximately the grams of solids present in the given volume 
of urine. Being more concerned with ratios than with absolute quanti- 
ties we have dispensed with the constant multiplier and so the figures 
used throughout this report as representing the solid content of 
specimens are the products of the last two figures of the specific gravity 
and volume in c.c. of the specimens and should be multiplied by the 
constant to give grams of solids. 

In the study of the test meal reaction we have concerned ourselves 

with several features of the eliminated urinary solids. 


4. Mosenthal, H. O.: Arch. Int. Med. 16:733 (Dec.) 1915. 
5. Hawk’s Practical Physiological Chemistry, 1913, Philadelphia, P. Blakiston’s 
Sons Co., p. 434. 
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Firstly: The total twenty-four hour solids eliminated; this in the 
average individual without definite renal insufficiency has under the 
stimulus of the renal test diet approximated 25.° 

With definite renal insufficiency there have appeared decided reduc- 
tions in the quantity of urinary solids for the twenty-four hour period. 
Although this has been the general tendency, the total daily output 
for many individuals of the normal group has fallen well within the 
limits of the nephritic group and the variations for the same individual 
have in many instances been quite marked. This was to be expected 
considering the many factors that enter into the determination of the 
total twenty-four hours urinary solids for any particular day; i. e., the 
nitrogen salt and. water balance of the body on the day of the test, 
the degree of stimulating power in the test diet for the particular 
kidneys tested, the perfect functioning of the gastro-intestinal tract 
assuring the passage of the stimulatory food to the blood stream, suffi- 
cient supply of water for the elimination of the solids and the several 
secondary factors that in turn affect such a supply. The item of the 
total solid output for the twenty-four hours has, therefore, little 
significance as an index of renal efficiency except in cases where it 
deviates very considerably from the normal. 

Secondly : The ratio of the quantity of solids eliminated from & a. m. 
to 8 p. m. to that eliminated from 8 p. m. to 8 a. m. the following 
morning ; the ratio of the day to the night output of urinary solids. This 
ratio we have designated Factor 1. 

In view of the fact that early renal involvement very often manifests 


iiself as a delay in the excretion of metabolites, it is quite conceivable 


that such a ratio might disclose such a delay long before the excretory 
function has been impaired to the point of actual retention of metab- 
olites. Furthermore, a separation of the renal stimulatory period 

the period of food intake and greatest activity of the integral organism, 
from the nonstimulatory period—the period of minimal body activity, 
best serves to restrict the renal activity of the latter period to responses 
to stimulation by the circulating residual metabolites. Such a restriction 
is naturally a desideratum for under these conditions the urinary output 
of the night period supplies a unit serviceable in arriving at a close and 


6. The actual amount of urinary solids for the twenty-four hours represented 
by 25 would be 25X2.3 or 25X26; ie., between 58 and 65 gm. This closely 
corresponds to the findings in actual determinations of the average twenty-four 
hour urinary solids. Thus, Matthews places the figure at 61 gm. Vierordt quotes 
the figure as 60 gm. 

Matthews, Albert P.: Physiological Chemistry, 1915, p. 687. 

Vierordt, H.: Anatomische, physiologische and physikalische Datem and 
Tabellen, New York, Wm. Wood & Co., 1906, p. 330. 
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fair index of the rate of excretion of the metabolites formed from the 
food ingested during the day. 

For proper emphasis of the cogent concept underlying this day to 
night ratio one might state the idea thus: the day to night ratio of 
eliminated solids represents the quantum of excretory substances 
eliminated during the day, the said quantum expressed in units of 
nocturnal residual metabolites (solids of night period). 

Thirdly: A modification of Factor I, the incorporation of the 
element of actual total twenty-four hour solids eliminated. If we 
sought to establish indices of renal function in terms of the rate of 
elimination of metabolites such a rate would have to be expressed 
with reference to some unit of quantity. 

With all other things equal, the more solids the kidney is called upon 
to excrete the more time it needs for such elimination and the kidnev 


cannot be expected to maintain the same ratio of day to night elimina- 
tion as the total twenty-four hour output fluctuates. 

This statement necessarily demands more than the mere expression 
of it for its acceptance. We might hasten to add that we are not aware 
of any physiologic principle of renal activity that compels this con- 
clusion ; nor naturally of any principle that forbids it. In the absence 
of guiding generalizations we must fall back upon our data for 


substantiation. We find on examination of our data for the normal 
cases the existence of a negative correlation between the magnitudes 
expressive of Factor 1 and of the total twenty-four hour solids. This 
is to say, that the mutual relationship between these two characteristics 
of the reaction is such, that, in general tendency, the higher, numerically, 
Factor 1, the lower the total twenty-four hour solids. Our data, there- 
fore, permit of the implication made in the preceding paragraph. 

We have, therefore, taken 25,° which appears to be about the average 
total solid output on a full diet in the average normal individual, as the 
unit of quantity. We have in each case multiplied Factor 1 by the 
= a. The resulting product we have designated 
Factor II. To the extent to which this latter ratio (total twenty-four 


hour solids divided by 25) approximates unity, Factor II will numeric- 
ally approximate Factor I, falling below it as the ratio falls below one, 


ratio 


exceeding it as the ratio increases above one. Factor II, then, involves 
the added element of the absolute quantity of solids excreted. 
Fourthly: A further introduction of the element of concentration 
of urinary solids. 
The concentration of the eliminated solids is a feature of 
kidney activity long shown to be significant in the study of renal 
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function. Factor II, has, therefore, been multiplied by the ratio 
1500 

total volume 24 hours 

(upper range) average daily output.) This product has been called 

Factor III." , 


(1500 c.c. being selected as an acceptable 





So then, as the total volume exceeds 1,500 c. c., Factor II] becomes 
numerically smaller than Factor II, and as it falls below 1,500 c. c. it 
increases in like ratio above Factor II. 

It may be emphasized at this point that with the introduction of 
these several “factors” we are not seeking to express or establish any 
mathematical law of kidney excretion nor are we desirous of adorning 
the physiology of kidney function with the cloak of mystic numbers. 
Primarily, our purpose is to study the rate of excretion of urinary 
solids. This rate we have chosen to estimate in terms of the ratio of the 
solids excreted during the day to that excreted at night. Inasmuch as 
such a ratio would be affected by the total quantity of solids excreted 
as well as by the total volume of fluid and inasmuch as it was necessary, 
if we desired to secure comparable ratios that constants be introduced 
about which these ratios were to swing, Factors II and III were intro- 
duced. We arbitraily and empirically selected 25° as the total solid 
constant and 1,500 as the total volume constant both of which figures 
fairly well represent the average output respectively of solids and 
fluids. Since with the increase of the total solid output the day to night 


7. That Factor III is equivalent to-Factor I, multiplied by the sp. gr. of 
the total twenty-four hour specimen, times a constant, can be seen from the 
following : 

Sp. gr. X Vol. (of day specimen). 
Sp. gr. X Vol. (of night specimen). 





Factor |= 


‘Factor I X Sp. gr. * Vol. (of 24 hour specimen). 
Factor II = ——_"__—_- — —_—_—_— 
Factor Ill=Factor"Il x 


ys To? 34 hr. Spec.) 
= Zz x e lls se-esipead 
\VOae a 





[constant] 


13 
= Factor I & Sp. gr.(24 hr. spec.) 3e 


: 1500 
The constant >, 


since the 1500 represents volume and the twenty-five solids contained therein. 
Factor III, therefore, falls back for its derivation on Factor I, and results from 
introducing into this latter “factor” the element of concentration of solids in 
the urine. Thus, both Factors II and IIT are derived with equal directness from 
Factor I. 


is a ration expressive of a function of a concentration 
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ratio tends on the whole to become numerically smaller we introduced 
the solid constant in a manner to counterbalance this reduction; by 
Factor II increasing above Factor I, in direct proportion to the increase 
of total twenty-four hour solids over 25.° Furthermore, since a diminu- 
tion in the amount of fluid supplied to the kidney has a tendency to 
hold back urinary solids as well, reducing the total solid output and 
likewise delaying the’ rate of excretion of solids, the volume constant ? 
was introduced in a fashion to offset this interference by Factor III 
increasing numerically above Factor II in proportion to the reduction 
of the twenty-four hour volume below 1,500 cc. In a word, our 
desire has been to secure numerical ratios representing the rate of 


TABLE 2.—Non-Nepuritic CAsFs 


Factor 


Maxi- | Night Urine 
Maxi- mum |—— ———__-——— ——_' Total 
(ase mum Sp. Gr. N. N 24 Hr. 
Sp.Gr. Varia-| Volume Sp. Gr. Jone. " Solids* 
tion % 
10 210 
; 225 
10 225 
10 133 
16 268 
212 
255 
320 1.028 
1.023 
1.080 
1.085 
1.028 
1.024 
1.028 
1.017 
1.026 
1.025 
1.026 
1.081 
1.021 2 1.028 
1.0 . AD 1.016 Wp 
1.034 2 1.080 10.88 
1.018 235 1.027 26 10.21 { 
1.080 : > 1.018 AR 13.46 33.6 2.3% 3.3 2.46 
1.022 340 1.026 1 10.79 291 


* The numerical values for the total solids here given represent the estimated solids 
divided by the constant multipliers 2.3 or 2.6, the constants involved in estimating urinary 
solids from a knowledge of the volume and specific gravity of a specimen. 


excretion of urinary solids, the said ratios being corrected for the 
total quantity of solids and fluids * eliminated in the twenty-four hours 
and such corrections have been introduced in the form of Factors II 
and III. Just what such an attempt secured we submit below. 

In addition to the estimation of the three “factors” as explained 
above, we have included in the tabulations given the significant data 
of each test diet reaction sufficient to permit of their interpretation in the 
terms adopted by Mosenthal. The maximum specific gravity of the two 
hour specimens, the amount of night volume, its specific gravity and its 
nitrogen concentration supply the data upon which his interpretation of 
the reaction is based. In addition, the tables contain the estimated 
total solids and total nitrogen determinations. 
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In Tables 2 and 3 we have tabulated the test meal reaction of fifty 
unselected non-nephritic cases. In Table 2 are assembled those all of 
whose “factors” numerically equal or exceed two. In Table 3 are listed 
those in which at least one factor equaled or exceeded two. In the reac- 
tions of Table 2, we find that the variations in specific gravity of the two 
hour specimens are very good, the night urine tends to remain below 
400 c. c. with a specific gravity usually well above 1.018 and a nitrogen 
concentration about 1 per cent.; all these features of the reaction early 
looked on by Mosenthal as indicative of the certainly normal response. 
In Table 3, the reactions also quite well approximate the specifications 
for the normal reactions as laid down by him. Here, however, several 


TABLE 3.—Non-nepuritic Cases 








Max!i- Night Urine Factor 
mum ———| Tt Total -———— 
Sp. Gr. N N. 24 Hr. | 
Varia-| Volume Sp. Gr. Cone. » Solids* I II 
tion % 
405 1.020 1,28 if 23.69 
315 1.025 1.46 7 22.38 
470 1.018 0.87 38 28.05 
1.015 0.74 6 26.94 
1.027 7 26.75 
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striking deviations from the average normal reactions appear ; increase 
of night volume above 400 c. c. (Cases 4, 8, 9, 21) ; reduction of specific 
gravity of night specimen below 1.018 (Cases 4 and 15). That extra- 
renal factors can and do operate in normal individuals to produce these 
deviations from the norm we have demonstrated in another report ! 
and appreciation of this has led Mosenthal*® to revise his original 
standards of normality. 

From a perusal of Table 2, then, it appears that in normal individuals 
with definitely normal test meal reactions the ratio of solids passed 
during the day twelve hours to that passed during the night twelve 
hours is at least 2:1; and further, that the total solids are sufficient in 
amount and the total volume of urine for the day sufficiently low (i.e., 
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concentration of solids sufficiently high) to keep Factors II and III 
as well, numerically above two. Or, to express it in terms of clinical 
equivalents, the definitely normal reaction to the renal function test 
diet is an excretion of at least twice the amount of solids during the 
day as night with a total solid elimination of about 25° and a total 
twenty-four hour volume of urine of not over 1,500 c.c. 

In Table 3 the responses to the test meal by normal individuals have 
been, on the whole, slightly poorer, and though all the “factors” have 
not reached 2, at least one of them has, and those “factors” that have 
failed to reach 2 are considerably above 1. It would appear, therefore, 
that in normal individuals even where extrarenal elements might have 
entered to prevent a strictly normal test meal reaction, the introduction 


TABLE 4.—Carpto-vascuLtar Cases 


— = ee 
Night Urine Factor 

—-—_——_—_—— Total Total -—— — — 

Vol- Sp. N. %Hr Diagnosis 


ume | Gr. (Cone. Gm. Solids) 1 | 1 WI 





1.011 0.56 18.57 0.94 Chronic endocarditis, arte- 
riosclerosis, myocarditis 

1.020 1.14 5.04 78 0.78 0.25 . Chronie cardiac insuffi- 
ciency, myocarditis 

1.0235 1.01 2.35 0.9 0. . Hypertensive cardiovascu- 
lar disease 

121 0.98 2 4.438 1.01 » Hypertensive cardiovascu- 
lar disease 

BED | cces | ovccs \ 1.27 55 * Chronic cardiac  insuffi- 
ciency, syphilis 

1.018 J 1.41 P , Chronie cardiac  insuffi- 
cieney 

1.015 . . y Cardiac insufficiency, elimi- 
nating edema 

1.010 7 Re! Chronic cardiac  insuffi- 
ciency, chronic endocarditis 

1.025 2.5 . Chronie cardiac decompen- 
sation 

1.00 5.3% 2.07 d Chronie myocarditis 

1.018 7.43 22.06 0.9 Cardiac insufficiency, mitral 
stenosis, auricular fibrilla- 
tion 

1.018 77 . 17.57 46 08 J Aortic aneurism 

1.016 ¥, . 21.35 J 18 q Aortic aneurism 





of the several salient features of renal response in the manner attempted 
has succeeded in bringing at least one “factor” numerically above 2. 
Thus this procedure for estimating the result of the test meal reaction 
seems able to correct for the interfering influences upon the reaction 
consequent upon responses of the kidney to stimuli from uncontrolled 
sources, for with oliguria there is compensatory increase in concentration 
of solids and with polyuria an approximately equivalent reduction in 
solid concentration. 

In Tables 4, 5 and 6, are given the findings in cardio-vascular, 
cardio-nephritic and nephritic cases. 

Cardiovascular Cases—In the patients with well marked cardio- 
vascular disease, as was the case with the patients here listed, the 
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nutrition of the kidney is markedly interfered with and the renal 
function similarly disturbed. Where through kidney congestion and 
circulatory embarrassment there is interference with the elimination of 
water, as in Cases 2, 4, 5, 9, and 10 (Table 4), the excretion of solids is 
much delayed and the total amount of solids eliminated in the twenty- 





TABLE 5.—Carpio-Nepuritic Cases 


Maxi- 
mum —— —- 
Sp.Gr. Vol- Sp. N. N. 
Varia- ume Gr. Cone. Gm. Solids IT Ill 
tion % 


Night Urine Factor 
——_————_|Total Total —_—_—_—— 
N N 24 Hr Diagnosis 


350 1.028 1.77 11.8 19.46 0.76 1.68 |Chronie cardiac  insuffi- 
ciency, chronic nephritis 
16—=— «1.081 1.68) «65.48 11.35 2. 0.98 3.78 | Chronic hypertensive car- 
diovascular, chronic ne 
| phritis 
10.1 27.7 9 1.21 1.34 | Arteriosclerosis, cardiac in- 
sufficiency, chronic diffuse 
nephritis 
9.68 20.45 0.65 | Cardiovascular disease, dif 
fuse nephritis 
4.10 7.40 0.85 | Chronic cardiac  insuffi- 
ciency, diffuse nephritis 
19.9 If 0.68 | Cardiac decompensation, 
chronic interstitial ne- 
phritis 
2.14 | Chronic eardiovascular dis- 
ease, chronic diffuse ne- 
phritis 
0.49 | Chronie cardiac —insuffi- 
ciency, chronic diffuse ne- 
phritis 
0.62 | Aortic insufficiency, chronic 
diffuse nephritis 
1.10 | Cardiovascular disease, 
| chronic diffuse nephritis 
1.008 5 : t . 0.58 | Chrenie endocarditis, arte- 
riosclerosis, chronic diffuse 
nephritis 
1.010 | .... Bhi 5.7 i 5 04” j Chronic endocarditis, arte- 
riosclerosis, chronic diffuse 
nephritis 
1.017 | 0.55 : . Y .75 0.72 | Chronie cardiac insuffi- 
ciency, chronic glomerulo 
| nephritis 
1.020 | 0.58 J .$ 0.79 | Chronie cardiae  insuffi- 
| ciency, chronic nephritis 
1.020 | 0.60 . .71 | 1.22 | Chronie cardiac  insuffi- 
ciency, chronic glomerulo 
nephritis 
1.009 | 0.28 é .§ .72 | 0.49 | Chronie cardiac insuffi 
ciency, chronic diffuse ne- 
| phritis 
| 0.64 7. . 0.78 Aortic insufficiency, chronic 
diffuse nephritis 
0.42 88 . 118 Chronie_ endocarditis, 
chronic diffuse nephritis 
1.010 | 0.41 ¥ J 0.70 Chronie endocarditis, 
| chronic diffuse nephritis 








1.014 | 
1.012 | 


1.010 | 0.28 ; 055 Chronic endocarditis, 
chronic cardiac’ insuffi- 
ciency 
| 





four hours is well below normal. Nitrogen execretion is least hampered 
which fact in conjunction with the oliguria results in the excretion 
of nitrogen in good concentration and with a night specimen well below 
400 c.c. However, in cases in which apparently arteriosclerotic changes 
in the kidney predominate, there is frequently definite interference with 
the power for elimination of nitrogen in good concentration in which 
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cases the reactions to the test diet approximate those of interstitial 
nephritis. Under these conditions the night specimens are increased 
in volume and nitrogen concentration is low (Cases 1 and 8). Where 
beginning cardiac compensation is evidencing itself by the elimination 
of edema, the total solids and fluids excreted are much increased, but 
the rate of elimination of the solids as expressed in terms of the ratio 
of the day to night solids is well below that in normal cases (Case 7). 
Thus, be the test meal reaction one of oliguria from renal congestion, 
or that of the arteriosclerotic kidney simulating the reaction of inter- 
stitial nephritis or that of polyuria from the elimination of edema, the 
rate of solid excretion as estimated in the fashion we have herein 
attempted is very considerably reduced below that found in our 
normal cases. The numerical values of all three “factors” are well 
below 2, all tending, on the whole, to border about and usually below 1. 


TABLE 6.—Nepuritic Cases 


= —— — = 
Maxi | Maxi- Night Urine Factor 


mum | mum —— -————— Total} Tota] —————__-——_- 
Sp. |Sp.Gr. Vol- Sp. N. } 24 Hr. | Diagnosis 








Gr. |Varia- ume Gr. Conc. Gm. |Solids I II Ill 
tion % 
1 1.021 8 615 1017 | 0.79 13.6 24.77 1.38] 1.36 1.89| Chronie interstitial nephritis 
2) 1.015 2 1185 | 1.012 0.41 10.74) 33.38 1.35| 1.80 1.06| Chronic interstitial nephritis 
3 1.022 4 390 «21018 ~_ti.... 6.8 4.83 1.12} 0.67 1.27| Ohronic parenchymatous ne- 
phritis 
4 1.018 8 1336 (1014 6.38 10.7 40.32 1.17) 1.8 OS Chronic interstitial nephritis 
5 1.017 4 515 1.016 90.61 6.0 18.38 0.88 0.64 0.73 Chronic interstitial nephritis 
6 1.013 2 914 #1012 0.76 13.9 22.56 1.00) 0.90 0.73 | Chronic interstitial nephritis 
7 1.00 8 460 1, 0. 4.36 19.38 0.69/ 0.58 0.73 Chronie interstitial nephritis 
8 1.023 5 460 1.020 0.97 9.11 19.49 1.11) 0.87 1.30) Chronic diffuse nephritis 
9 1.016 4 70 861011 O33 47 15.87 1.06) 0.68 0.80) Chronic interstitial nephritis 
10 «1.020 13 Lay 1011 0.44 8.16 17.98 0.65)' 0.47 0.46 Chronic glomerulo nephritis 
11 1.080 12 88 1010 046 84 18.0 1.08/ 0.75 0.83 | Chronic interstitial nephritis 
12 1.019 2 625 1.020 1.10 14.0 23.88 0.91) 0.87 1.06’ Chronie diffuse nephritis 
13 102 2 814 1.012 O58 98 22.1 1.20 1.11 0.88 Chronic diffuse nephritis 
14 «1.015 12 810 1011 0.47 9.1 18.48 1.07 0.79 0.60 Chronic diffuse nephritis 
15 1028 15 120 «=6—61.012 | 0.438) «67.44 «19.98 0.63) 0.50 0.560 Chronie glomerulo nephritis 
16 «1.017 3 700 «641.016 10.62 8.92 2.79 1.08) 0.9 089 Subacute glomerulo nephritis 
7 1.009 1 82 10009 040 56 11.89 0.50 0.28 0.32 Chronic interstitial nephritis 
18 1.029 15 se 1.910 O67 Wl 17.58 0.96) 0.67 0.79 Chronie interstitial nephritis 
19 «61.024 7 7 1.014 090 11.46 18.56 0.74) 0.48 0.64 Chronic interstitial nephritis 
0 1.0288; 2 590 1.00 12 10.9 19.01 0.61) 0.46 0.81 Chronic interstitial nephritis 
71 | 1.025 6 670 1.017 O58 88 2.98 1.01) 0.98 1.16 Chronie interstitial nephritis 


Cardio-nephritic and Nephritic Cases —Be the functional reaction of 
the kidney more indicative of the circulatory disturbance in the cardio- 
nephritic or of his renal lesion—be the renal condition one interfering 
primarily with the salt and water or with the nitrogen elimination, the 
rate of excretion of the urinary solids is much delayed and the total 
amount of solids, on the whole, definitely reduced below that found in 
normal individuals. Usually all three ‘factors’ as calculated fall num- 
erically well below 2, a high percentage of them dropping below 1. The 
reactions, likewise, viewed in the terms of specific gravity variation 
of the two hour specimens and character of night urine, correspond with 
those found and described as indicative of renal insufficiency. With 
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renal involvements, then, there appears a definite delay in the excretion 
of urinary solids—a definite increase relatively and at times absolutely 
in the quantity of solids excreted at night. 

In Tables 7 and 8, we have grouped reactions to the test diet given 
to the same individual on two, three or more days, many of the tests 
in the same individual being given on consecutive days. It appears, 
therefrom that the results expressed in terms of the rate of solid 
execretion by means of the three ‘factors’ show very acceptable 
consistency for the same individual. In the group of normal cases, 
the same individual in several test meal reactions, be the reaction char- 
acterized by total oliguria with high concentration of all specimens 
(S 299) or by high night volume with reduced specific gravity 


TABLE 7.—Repeatep Test MEALS IN NoN-NeEPHRITIC INDIVIDUALS 








‘ | Maxi- Night Urine Factor 











Maxi- mum — ——__—_—___——— Total Total -- — —--—__—_—__-- 
mum Sp. Gr. N. N. o4 Hr. 

Sp.Gr. Varia- Vol Sp.Gr. Cone. Gm. Solids I Il Il 

tion ume — 
S 207 | 12/ 6/16 | 1.022 10 340 1.026 1.09 10.79 33.06 2.77 3 61 2.91 
S 294 2/5/17 | 1.023 7 540 1.018 eae nei 30.79 2.18 2.68 2.54 
S 296 2/ 6/17 | 1.025 9 380 «(1.024 —Ss«O0.72 11.3 30.29 2.31 2.80 2.98 
S$ 297  2/ 7/17| 1.026 11 610 1.016 1.1 18.8 32.5 2.33 3.02 2.68 
$298 2/8/17 | 1.027 4 $25 1.025 0.77 730 25.2 2.09 862.08 2.94 
S299 2/9/17 | 1.029 4 4000 s:1.027 1.27 10.2 26.7 1.48 1.58 2.43 
B313 2/13/17 | 1.081 11 208 1.029 1.20 10.5 21.41 2.31 1.98 2.54 
B314 2/14/17 | 1.080 4 276 1.081 1.40 10.0 25.2 1.95 1.96 3.44 
B315 = 2/15/17 1.083 5 342 1.081 1.50 11.3 24.6 1.27 1.22 2.30 
0318 2/13/17 | 1.020 5 630 1019 380.80 14.5 44.82 2.74 4.90 2.82 
0319 2/14/17 | 1.027 4 280 1.029 1.70 16.8 29.35 2.61 3.06 4.50 
0 320 2/15/17 | 1.025 10 7 1.016 0.70 14.9 34.68 150 2.21 1.74 
O 321 2/16/17 | 1.029 9 290 1.029 1.2 14.80 =. 25.06 1.98 199 «3.10 
D346 93/5/17 | 1.025 18 315 1.023 1.10 7.8 21.55 1.97 1.69 1.86 
D347 3/ 6/17 | 1.021 14 210 1.027 1.20 7.7 19.67 2.47 1.94 2.01 
D374 =©3/20/17 |_ 1.019 13 75 1.019 0.8 8.8 19.40 1.72 1.33 1.43 
D375 3/21/17 | 1.020 16 320 1.022 1.15 94 18.88 1.68 1.26 1.33 
D376 | 3/22/17 | 1.023 19 285 1.025 1.3 9.2 18.48 1.59 1.17 1.33 
N 258* 1/24/17 | 1.029 3 500 1.025 29.57 1.36 1.58 2.10 
N 263" 1/26/17 | 1.023 10 340 1.018 17.62 1.9 1.35 2.60 
E 276* 1/31/17 | 1.023 15 5a 1.010 20.27 2.68 2.18 2.32 
E 285" | 1/28/17 | 1.083 10 212 1.024 23.16 248 2.28 8.88 





| 


* No regular test meal; subjects on their ordinary diets. 


(S 297, O 320), or by the nitrogen concentration in the night specimens 
considerably above 1 per cent. or below it (O 320 or O 321)—supplied 
“factors” one of which was numerically at least equal to 2. So here too, it 
likewise appears that for the same non-nephritic individual on repeated 
examinations, even though successive reactions significantly vary in 
character of night specimen or two hourly specimens (S 296 and 297— 
I 320 and O 321) the “ratio-factor” and its “corrective factors” still 
produce a numerical product of at least 2 in one of the three factors. 
It is to be noted, too, that such was the case in individuals who were 
fed no special diets. Subjects N and E partook of their customary 
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diets. In subject E’s reactions is to be observed the marked variation 
in the character of the night specimens of his two test meals, in one 
an increased night volume with a very low specific gravity and in the 
other a scanty night volume with a high specific gravity and this with 
no appreciable difference in both test meal reactions when considered 
in terms of the rate of excretion of urinary solids. Subject D succeeds 
but once in five test meals in securing “factors” numerically above 2. 
She reacts rather constantly below the normal so far as the rate of 
urinary solids excretion is concerned; although her reactions, as 
viewed from the character of the volume and specific gravity of the day 


TABLE 8.—Repeatep Test MeAts in NEPHRITIC INDIVIDUALS 

















| Maxi- Night Urine Factor 

Maxi- | mum ———— Total Total 

mum | Sp. Gr. | N, N. 24 Hr. | 

Sp. Gr. | Varia-  Vol- | Sp. Gr. | Cone. Gm. Solids I II Ill 

tion ume | | % 

O 3 3/ 5/17 1.022 4 SO |) «61018 | Ob 6.0 16.1 1.29 0.83 1.24 
O 3f2 3/12/17 1022 | il 1101 | 1.000 | 0.26 5.8 21.8 1.14 0.97 0.80 
0363 3/13/17 1.022 5 870 | 1.011 0.36 5.4 17.08 0.78 0.58 0.20 
Wt f° abacens 1.024 6 1085 | 1.007 sepia ia 16.01 1.10 0.71 0.71 
L 348 2/28/17 1.9 15 899 | 1.010 | 0.67 10.1 17.53 0.95 0.67 0.79 
L344) «63/1/17 1.084 7 760 | 1.014 | 0.90 11.4 18.56 0.74 0.48 0.64 
L 345 3/ 2/17 1.028 2 590 1.20 12 10.9 19.01 0.61 0.48 0.85 
T 6 5/20/16 1.020 13 615 1.017 0.55 7.18 20.17 0.98 0.75 0.72 
T 67 5/27/16 1.024 10 430 1.014 0.40 4.25 17.44 1.91 1.31 1.89 
T &1 6/15/16 1.025 6 460 1.020 0.60 5.47 18.14 0.97 0.71 1.22 
T127 9/1/17 1.019 ” 750 1.011 0.38 7.16 16.14 0.96 0.62 0.73 
T 134 9/26/17 1.017 7 725 1.014 0.50 8.48 23.8 1.37 1.31 111 
TUS 10/30/16 1.020 10 725 1.016 | 0.50 7.32 22.48 0.94 0.84 0.82 
F777 11/11/16 1.028 | 15 1020 1.012 0.43 7.44 19.98 0.68 0.50 0m) 
F186 11/18/16 1.0 13 wp 1.011 | 0.44 8.16 17.98 0.65 0.47 0.46 


F199 11/28/16 1.018 | 8 1250 | 1.012 | 062 | 11.07 %.09 0.74 | O77 0.57 


| 
| 1.012 
| 





H % 4/10/16 1.013 2 | 076 | 18.9 1.0 0.90 0.76 
H 4 4/21/16 —-:1.015 2 118 | 1.012 | 041 10.74 1.35 | 1.80 1.05 
H 49 5/ 3/16 1.010 1 970 1.010 0.39 9.02 1.55 1.538 0.92 





and night specimens, are consistently normal. We deem it somewhat 
premature to attempt to further discuss at this time any disagreement 
in findings in the same individual by the two methods of test meal 
interpretation. Sufficient for our present purpose is the observation 
that the rate of solid excretion method tends, at least, to be consistent 
with itself. Likewise, for the nephritic cases a similarly persistent 
constancy in reaction by the same individual manifests itself. As in the 
table of the nephritic groups above outlined the “factors” tend to amount 
numerically to about, and, in greatest frequency, to below 1. 


SUMMARY AND CONCLUSIONS 
In a study of over 300 renal function test meals we have been 
impressed with the operation of extrarenal influences on the reaction 
which in many cases interfered with the reliability of interpretations 
of the findings expressed in terms of the specific gravity variation of 
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the two hour specimens and character of the night urine. We endeav- 
ored to circumvent this interference which, we suspected because 
of an earlier study was due to extraneous factors influencing the fluid 
supply to the kidney, by attempting to translate the renal function test 
meal findings into terms of the urinary solids eliminated. The solids 
were estimated from the specific gravity and volume of the specimens 
and the following features of the excreted solids studied. 

1. The total twenty-four hour estimated urinary solids. This 
amounted on the average in normal cases to about 25 (this figure to be 
multiplied by constant 2.3 or 2.6 to secure in gm. the absolute amount 
of solids present.) In renal, cardiorenal and cardiac decompensation 
cases the urinary solids eliminated during the twenty-four hours usually 
fell well below this figure. 

2. The rate of excretion of urinary solids expressed in terms of 
the ratio of the solids eliminated during the day to that of the night. 
To this ratio was applied the designation Factor I. 

3. The introduction of corrective checks upon Factor | for the 
absolute twenty-four hour solids and volume eliminated and in a man- 
ner to allow for a delay in rate of solid excretion consequent upon an 
increase in total solid output or reduction in amount of fluid excreted, 
thus permitting of comparisons between the numerical findings expres- 
sive of the rate of excretion in all our reactions. These checks are 
introduced as Factors I] and IU. 

' , total 24 hr. solids. 

Factor IT equaling Factor | = 

1500 


Factor 11] equaling Factor I] - 
| § total 24 hr. volume 


Application of this method of interpretation showed that distinetly 
normal persons, with the test meal used, excrete at least twice as much 
urinary solids during the day as during the night with a total twenty- 
four hour solid elimination in the neighborhood of (25)* and a total 
volume of about 1,500 c.c., so that all Factors I, I] and III produce 
the numerical equivalent of at least 2. 

In most cases in which influences might have entered to interfere 
with a normal response to the test meal, the corrective factors appar- 
ently operated to produce at least one “factor” numerically equal to 2. 

For kidneys with defective function, either by virtue of renal, 
cardiac or cardiovascular disease, there is evidenced both a reduction 
in the total solids excreted in twenty-four hours and a marked delay 
in the rate of excretion as estimated in terms of the ratio of day to 
night elimination of urinary solids. Hence, in these cases all three 


i 
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“factors” of the test meal reaction tend to be numerically well below 


two; ranging, as a rule, about 1 as a mean. 

This method of estimating the results of the renal function test 
meal presents as equally sharp a differentiation between the normal and 
subnormal functioning kidney as does the method based on a study of 
the specific gravity variation of the two hour specimen and character 
of night urine. 

It further appears to disclose greater constancy in reaction by the 


same individual, particularly in persons with normal or only slightly 
diseased kidneys, than does the former method. 

This method obviates the need for collecting urinary specimens at 
exactly two hour intervals. 

Where urinary specimens have been collected in two hourly periods 
during the day the results of the test can be judged by both methods 
of interpretation as we have been able to do with all our cases. 

The essential procedures in securing acceptable data for estimating 
the rate of solid excretion are: (a) patient to abstain from food or 
drink between meals; (b) heaviest meal to be taken at noon, and (c) 
three hours be permitted to elapse after the evening meal before begin- 
ning collection of the night specimen. 

It was on the basis of this procedure with our test meals that the 
data above submitted were obtained. 











TERMINAL CARDIAC ARRHYTHMIAS 
REPORT OF THREE CASES * 
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AND 
EDWARD C. DAVIDSON, M.D. 


BALTIMORE 


Because of the frequency with which death of the individual is 
dependent on cardiac failure, the mode of death of the heart is a matter 
of considerable interest. Moreover, it is highly probable* that one 
of the mechanisms found to occur in gradual cardiac death, that is, 
ventricular fibrillation, is responsible for many sudden deaths of other- 
wise unknown cause, as suggested by McWilliam.* At the present 
time, the electrocardiogram offers our best means of attacking this 
problem. Despite the interest in the subject and its importance, there 
are but few clinical records of terminal mechanisms and fewer of 
ventricular fibrillation. The paucity of clinical electrocardiographic 
records of lethal exitus needs no explanation. That ventricular fibril- 
lation is not better known clinically results from the fact that this 
mechanism is necessarily fatal, if it persists beyond a very few minutes. 


Experimentaily, the condition is rather well known ® since it can be 
produced without difficulty by faradization of the ventricles,‘ by 
occlusion of a coronary artery and by intoxication with digitalis, 
potassium, chloroform and other agents. In experimental work, death 
often occurs with the onset of ventricular fibrillation preceded by no 


known cause. The onset of experimental fibrillation is usually gradual, 
following ventricular extrasystoles, ventricular tachycardia and a dis- 
turbance resembling flutter, in the order named. When fibrillation is 
established, there are scarcely any movements of the ventricles; the 
heart is distended and the blood pressure at zero. The galvanometric 
record is characteristic, showing continuous slow movements+of the 
string which are grossly irregular in amplitude and rhythm, with 
minute irregular deviations which are perhaps traces of auricular 

*From the Cardiographic Laboratory of the Johns Hopkins Hospital and 
University. 

1. Lewis, Thomas: Mechanism and Graphic Registration of the Heart Beat, 
London and New York, 1920, p. 320. 

2. McWilliam, J. A.: On the rhythm of the Mammalian Heart, J. Physiol. 
9:167, 1888. 

3. Levy, A. G.: Genesis of Ventricular Extra-Systoles Under Chloroform 
etc., Heart 5:299, 1913. 

4. McWilliam, J. A.: Fibrillar Contraction of the Heart, J. Physiol. 8:296, 
1887, 
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activity. Recovery of the ventricles in experimental animals is not 
infrequently seen, and it is interesting that this occurs more often in 
smaller animals.° It is probable that the occurrence of recovery is 
related to the size of the heart and the mass of the tissue involved.* 

The earliest clinical record suggesting ventricular fibrillation is 
Hoffmann’s.’ This is taken by Lewis as a transitional stage of tachy- 
cardia antecedent to actual fibrillation. The patient recovered. Roh- 
mer * reported terminal records of three fatal cases of diphtheria in 
which complete dissociation occurred. In 1912, Robinson * presented 
a group of seven cases with fatal outcome, with an electrocardiographic 
study of exitus. In two instances the records showed the occurrence of 
ventricular fibrillation after all signs of life recognizable clinically had 
ceased, and in one of these cases fibrillation was followed by a regular 
rhythm. Various other arrhythmias, including heart block, ventricular 
extrasystoles and tachycardia, occurred, without any characteristic 
sequence. It was noted that there was a tendency for the amplitude of 
R to diminish while its duration and the amplitude of T increased and 
R and T gradually became fused. It is to be noted that these patients 
died as a result of acute infectious diseases without primary cardiac 
involvement. There was no one point in the heart found to succumb 
last. Halsey *® reported a terminal record of a patient ill with pneu- 
monia, in which death coincided with the development of ventricular 
fibrillation. Robinson and Bredeck™ obtained a record showing ven- 
tricular fibrillation, or a stage just short of that condition, from a 
patient suffering from heart disease, who recovered and lived thirty 
hours after the cessation of fibrillation. It is of interest that the 
records of this case showed ventricular extrasystoles with marked 
variation in the type of the Q R S complex probably indicating a high 
degree of irritability and abnormal paths of conduction. 

The present cases are reported because of the occurrence of inter- 
esting arrhythmias determined ‘electrocardiographically shortly before 
and during the interval immediately preceding death. 


REPORT OF CASES 
Case 1.—W. W., male, colored, aged 48, first admitted Oct. 16, 1920, and 
discharged Oct. 27, 1920. 


5. Gunn, J. A.: Ventricular Fibrillation in the Rat’s Heart, Heart, 5:1, 1913. 

6. Garrey, W. E.: Nature of Fibrillary Contraction of the Heart, Am. J. 
Physiol. 33:397, 1914. 

7. Hoffmann, A.: Fibrillation of the Ventricles, Heart, 3:213, 1911. 

8. Rohmer, P.: Ueber das Elektrokardiogramm des Diphtherieherztodes, 
Miinchen. med. Wehnschr. 58:2358, 1911. 

9. Robinson, G. C.: Study with the Electrocardiograph of the Mode of 
Death of the Human Heart, J. Exper. Med. 16:291, 1912. 

10. Halsey, R. H.: A Case of Ventricular Fibrillation, Heart, 6:67, 1915. 

11. Robinson, G. C., and Bredeck, J. F.: Ventricular Fibrillation in Man 
with Cardiac Recovery, Arch. Int. Med. 20:725 (Nov.) 1917. 
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Complaint—Shortness of breath, cough and swelling of the ankles. 

Past History—Typhoid fever at 7 years of age. Influenza in March, 1918. 
No history of rheumatic fever or sore throat. Neisserian infection at 21 and 
again at 42. Nocturia for twenty years. The patient denied syphilis and 
alcoholism. 

Present Illness —The onset was in January, 1918, with swelling of the ankles. 
About two weeks after this the patient, on running for a car, became extremely 
dyspneic. The dyspnea increased until he could not sleep lying down. The 
patient suffered from cough, marked palpitation and periodic night sweats. 
For two years puffiness of the eyelids had been quite noticeable in the morning. 
The swelling of the ankles had been persistent. 

Physical Examination—Temperature, 988 F.; pulse, 88; respiration, 22. 
Tonsils scarred. No general glandular enlargement. In the chest the signs 
of an old tuberculous process of the right upper lobe were present. Many 
moist rales over both bases. There was a forceful cardiac apical impulse in 
the fourth interspace, 14 cm. to the left of the midsternal line. There was 
a diastolic shock over the base. No thrills felt. The relative cardiac dulness 
extended 15 cm. to the left and 4 cm. to the right of the midsternal line. 
There was retromanubrial dulness which reached 5 cm. to each side of the 
midline. The first sound was followed by a faint high pitched musical mur- 
mur at the apex. The second sound was reduplicated. The pulse was regular 
except for occasional extrasystoles. The peripheral arteries were thickened 
and tortuous. The blood pressure was: 220/140. The liver edge was 8 cm. 
below the costal margin. No edema of the extremities was present. Ophthal- 
moscopic examination showed the optic disks to have hazy margins. The 
arteries were tortuous and the veins distended. No hemorrhages or exudate. 

Laboratory Findings—Blood examination negative. Blood urea, 18.5 mg. 
Phenolsulphonephthalein, 60 per cent. in two hours. Wassermann reaction 
negative. Urinary output, from 1,600 to 2,000 c.c. Sp. gr., 1.010 to 1.028. Occa- 
sional trace of albumin, with a few hyaline and granular casts. 

Course—Uneventful. No digitalis therapy. Two electrocardiograms taken 
during this admission. The patient was discharged free from cardiac failure. 

The patient was readmitted Dec. 31, 1920. While out of the hospital he 
worked part of each day. About three weeks after discharge his ankles began 
to swell, his dyspnea returned and his eyelids became puffy. There were 
numerous attacks of vertigo. 

Physical Examination—Marked orthopnea. Slight generalized edema. The 
breath sounds were suppressed and many moist rales were heard over the base 
of both lungs. The relative cardiac dulness measured 18 by 4 cm. The pulse 
was regular. Blood pressure 220/150. In the abdomen shifting dulness and a 
fluid wave were present. Ophthalmoscopic examination showed several hem- 
orrhages and some exudate. 

Laboratory Findings—Wassermann reaction negative. Blood urea, from 
35.8 to 472 mg. Phenolsulphonephthalein, Jan. 5, 1921, 47 per cent. in two 
hours; Jan. 18, 1921, 26 per cent. in two hours. Urinary output averaged 
500 c.c. Albumin and casts constantly present. 

Course-—The edema persisted. The patient had constant tachycardia, 
nocturnal paroxysms of dyspnea and periods of Cheyne-Stokes respiration. The 
temperature was often subnormal, and the blood pressure varied remarkably. 
The patient grew progressively weaker, failing to respond to any therapy and 
died, March 21, 1921. During this admission electrocardiographic records were 
made twice, and finally just before and after the death of the patient. 

Necropsy Findings—The principal necropsy findings** may be summarized 
as follows: The heart weighed 720 gm. The myocardiam showed yellowish 


12. Necropsy findings in Cases 1 and 2 are presented by courtesy of Dr. 
W. G. MacCallum, pathologist to the Johns Hopkins Hospital 
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white opacities scattered diffusely throughout, and distinct areas of depressed 
scars were seen in the surface. There were no valvular lesions observed. Many 
mural thrombi were present in the left ventricle. Both ventricles were dilated 
and hypertrophied. The aorta was not enlarged. It was fairly elastic but 
showed many raised plaques of beginning sclerosis. The lungs showed wide- 
spread bronchopneumonia. The spleen contained a recent organizing infarct. 
The kidneys had adherent capsules; there were several small infarcts and the 
cortex was thinned. The provisional diagnosis was chronic diffuse nephritis, 
cardiac hypertrophy and dilatation. Myocarditis with mural thrombi. Anasarca. 
Infarcts of spleen and kidneys. Edema of lungs. Bronchopneumonia. Pleurisy. 


Electrocardiographic Records.—Table 1 presents a summary of the 
electrocardiographic records of this patient. The first was taken Oct. 
16, 1920, the day of admission, and the second (Fig. 1 A) twelve days 
later. These two records are similar in every respect and present no 
striking abnormality save a slight prolongation of the Q R S interval 











Fig. 1—Case I. A, Oct. 28, 1920. B, Feb. 1, 1921. C, March 21, 1921 
(day of patient’s death). The Q R S complex changes remarkably. 


and notching of the R wave in Leads I and III. The third record, 
which was taken Jan. 18, 1921, three months after the first, showed 
no significant change, except a longer Q R S interval, while in the 
fourth record (Fig. 1 B), taken February 1, the notching in Leads I 
and III became more conspicuous. There is a remarkable progression 
in the type of the Q R S complex from the first to the fifth record. 
Analysis of the movements of the electrical axis shows that it pursues 
a fundamentally similar course throughout the records. The explana- 
tion and significance of the changes is at present obscure, but the 
hypothesis of increasing delay in the spread of the impulse throughout 
the left bundle would explain the outstanding features. 

The remaining records were taken practically continuously on the 
day of the patient’s death, beginning about ten or twelve minutes before 
all clinical signs of life ceased and ending shortly thereafter. Fig. 1 C 
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shows the three usual leads at the beginning of this period. A marked 
sinus tachycardia, lengthened P-R and Q R S intervals are the chief 
new characteristics. The later figures are all of Lead III (the mea- 
surements in the table are of Lead III for all the records). The rate 
is gradually slowed from 120 to 65 in Figure 2. This figure is of great 
interest because of the changes in the “P” wave shown in it. In the 
early cycles of this record “P” is definitely positive, then it flattens 
out, disappears and finally is definitely negative, while the P-R interval 
is progressively shortened and the rate slowed. These changes may be 
interpreted either as a migration of the pacemaker within the sino-auri- 
cular node or as a shift from the sino-auricular to the auriculo-ventri- 
cular node.’* In Figure 3 but few P waves appear and those which 
are seen are at a very slow rate and irregular. It would seem that most 
of the complexes from this point on are nodal since they have approxi- 


TABLE 1—MeEaAsureEMENTS OF ELEcTROCARDIOGRAMS OF CAseE 1 (Leap III) 








| Duration, See. Amplitude, Mm. 
QRS 


0.08 
0.09 
0.10 
0.10 0. y 2. f s 
0.10 0. J . +,T2:—, Ts — 
0.11 of J d Nodal rhythm 


0.12 32 / Nodal rhythm 








3/21/21 bh sseo BOSE 1 OM]... 1 @ | Ventricular _fibrilla- 


jon 
3/21/21 56 coos | O88 | & _— 5 J Ventricular  fibrilla- 
tion 











3/21/21 d . coos | O x otee .0- 
i 0 


mately the normal outline. It is interesting that the coupling recorded 
is almost certainly due to occasional responses to impulses built up 
higher up in the auricular wall, since “P” waves appear at a constant 
P-R interval in connection with two of the coupled complexes, while the 
P which belongs with the third complex is hidden by the first R of 
that couple. Definite, moderately advanced ventricular fibrillation is 
shown in Figure 4 and again in Figure 5. Both periods of fibrillation 
are brief and are succeeded by series of abnormal complexes with no 
trace of P waves. The second period of fibrillation i: a more advanced 
disorder than the first. With reference to the abnormal complexes, 
their origin cannot be definitely stated. The “T” waves are of high 
amplitude and positive whereas they were previously always negative. 
The tendency for the R and T waves to coalesce, pointed out by 


12. Lewis, T.: Effect of Vagal Stimulation on Atrio-Ventricular Rhythm, 
Heart 5:247, 1914. Lewis, T., Meakins, J., and White, P. D.: Excitatory 
Process in the Dog’s Heart, Phil. Tr. Roy. Soc. Lond., B 205:375, 1914. 
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Robinson,’ is shown to some extent. The amplitude of the R waves 
gradually decreases more and more rapidly toward the end of the 
record. No attempt to record the exact instant of “clinical death” 
was made, but this occurred shortly before the last record was taken. 

To summarize the electrocardiographic findings of this case, we 
may say that the rate gradually slowed, while the site of impulse 























Fig. 6.—Case 2. April 25, 1921. Note the form of the norma! and ectopic 


complexes. 

formation either shifted within the sino-auricular node or passed to the 
auriculo-ventricular node, the conduction time decreased and then all 
definite evidence of auricular activity ceased. There were two brief 
periods of ventricular fibrillation interrupted by and followed by 
fairly regular but gradually slowing complexes due to impulses arising 


in an undefined part of the heart. The amplitude of the complexes 
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gradually decreased until it was very small when they finally ceased. 
The autopsy revealed no changes definitely associated with any of the 
electrocardiographic findings. 


Case 2.—S. B., male, colored, aged 48, admitted April 23, 1921. 

Complaint—Swelling of legs, shortness of breath and weakness. 

Past History.—General health always good up to 1918. Neisserian infection 
in 1913. In 1918 the patient was admitted to this hospital with cough, short- 
ness of breath and edema, and was found to have arteriosclerosis and hyper- 
tension. While in the hospital the patient suffered a right-sided hemiplegia, 
which cleared up. Between admissions the patient was able to work as usual. 

Present Iliness—Began three months before admission with cough, dyspnea 
and edema which grew worse until the patient became very weak. 


TABLE 2.—MEeEASUREMENTS OF ELECTROCARDIOGRAMS OF Case 2 (Leap III) 





Film Fig Rate Duration, See. Amplitude, Mm. 
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Physical Examination.—Emaciation. Pallor. Edema of dependent parts. 
Rales at bases of lungs. The relative cardiac dulness extended 12 cm. to the 
left and 4.5 cm. to the right of the midline. The pulse showed numerous 
extrasystoles with a deficit of 10 per minute. The liver edge was 4 cm. below 
the costal margin. 

Laboratory Findings.—The blood showed a marked secondary anemia and a 
slight neutrophilic polymorphonuclear leukocytosis. Phenolsulphonephthalein, 
59 per cent. in two hours. Wassermann reaction negative The urine showed 
albumin and a few hyaline and granular casts. 

Course—The patient sank gradually and died April 26, three days after 
admission. 

Vecropsy Findings.— Marked emaciation. Extreme anasarca. The heart 
weighed 720 gm. The coronary arteries were tortuous and sclerotic. The left 
ventricle was much hypertrophied and dilated, and contained a large mural 
thrombus measuring 7 by 5 by 5 cm. Mural thrombi were also present in 
both auricles. The myocardium showed numerous opaque grayish areas of 
scarring. Chronic passive congestion of the lungs. Multiple cysts containing 
concretions in the left kidney. Slight chronic diffuse nephritis. Generalized 


arteriosclerosis. 
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Electrocardiographic Records.—Electrocardiographic records of 
this patient were made April 25, two days after his admission, and 
again April 26, at short intervals during the thirty minutes just before 
and during the patient’s death. Table 2 gives the measurements of 
these records (the figures are for Lead III throughout). The first 
record (Fig. 6) shows a normal mechanism with left ventricular pre- 
ponderance and occasional ventricular extrasystoles of a form which 
frequently recurred in the records of exitus. During the taking of 
Lead III of the second record (Fig. 7) the P waves changed their 
form from positive to negative and a complete dissociation was 
apparently established. Occasional ventricular extrasystoles, mainly of 
three types, occurred throughout the remainder of the records. It 
is interesting that paroxysms or series of varying lengths of each 
form are found. A brief series of five ventricular extrasystoles of 
the first type with apparently retrograde P waves is shown in Figure 8, 
and records 14 and 15 show a series of fifty-six extrasystoles of the 
same form. Figure 9 is an illustration of the second type of extrasystole 
which is not retrograde but is accompanied by independent P waves 
and a brief period of auricular fibrillation. A short paroxysm of 
ventricular extrasystoles of a third form appears in Figure 10. This 
record just precedes the onset of a series of forty-six extrasystoles 
of the same type. This form also is accompanied by independent P 
waves at a slower rate. These series seem to meet the criteria sug- 
gested by Robinson and Herrmann* for ventricular tachycardia, 
although in this instance the rate is only relatively rapid. There are 
four periods of temporary auricular fibrillation, one of which is men- 
tioned above. Ventricular fibrillation did not occur in this case. The 
rate of the auricular contractions was established at from 56 to 58 
at the onset of complete dissociation, and gradually fell to 38. The 
ventricular rate varied greatly from 70 to intervals in the last record 
corresponding to a rate of 10. The amplitude of R and T gradually 
decreased and the Q R S and Q-T intervals increased slightly. No 
tendency for R and T to fuse is shown. It would seem that the 
ventricles of this patient had several irritable foci which gave rise 
to the various abnormal types of ventricular complexes. It is interest- 
ing that notwithstanding this fact, ventricular fibrillation did not 
supervene. 

The necropsy of this case revealed marked myocardial changes and 
abnormal left ventricular preponderance, thus confirming in a general 


way the important electrocardiographic findings. 


Case 3.—M. M., female, white, aged 23, admitted April 27, 1921. 
Complaint—Chills and fever; shortness of breath and palpitation. 


13. Robinson, G. C. and Hermann, G. R.: Paroxysmal Tachycardia of 
Ventricular Origin, Heart 8:59, 1921. 
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Past History—Acute rheumatic fever at 12. Admitted to this hospital in 
1911 with mitral stenosis and insufficiency, aortic insufficiency, bronchopneu- 
monia and pleurisy. After an interval, tonsillectomy was performed in the 
same year. In 1919, the patient was on the obstetric service suffering from 
toxemia of pregnancy. The patient had frequent sore throats, more or less 
constant slight dyspnea and transient slight edema of the legs. 

Present Illness—Onset two weeks before admission with sore throat, chills 
and fever. The patient developed acute rheumatism. She became very weak. 
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Fig. 11—Case 3. April 29, 1921. Second degree heart block. Note the form 
of the Q R S complex. 


Physical Examination—Temperature, 101.6 F.; pulse, 112; respiration, 28. 
Orthopnea and cyanosis were marked. There were no rales in the lungs. There 
was a marked precordial heave. The apical impulse was 17 cm. to the left of 
the midline. The relative cardiac dulness measured 20.5 by 4.5 cm. There 
was retromanubrial dulness, 3 cm. to each side of the midline. There was a 
loud systolic murmur at the apex and a “to and fro” murmur at the aortic 
area. “Pistol shot” sounds were audible over the femoral vessels. The pulse 
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was regular and was of the “water hammer” type. There was a distinct 
capillary pulse. The blood pressure was 146/44. The liver edge was 5 cm 
below the costal margin and was tender. There was slight edema of the legs 

Laboratory Findings.—The blood showed a secondary anemia and a slight 
neutrophilic polymorphonuclear leukocytosis; culture negative. The Wasser 
mann reaction was negative 

Course —The patient received 18 c.c. of tincture of digitalis which was dis- 
continued because of the occurrence of dropped beats. Three days later the 
pulse rate suddenly dropped to 38 and a Stekes-Adams attack occurred. This 
was repeated several times. One-fortieth grain of atropin was given with no 
effect on the pulse rate. Electrocardiographic records showed the presence of 
complete heart bleck with periods of ventricular tachycardia. The patient 
became progressive!y worse, with increasing dyspnea. cyanosis, pulmonary con- 
gestion and insufficient cerebral circulation. She was given 0.15 mg. ouabain 
but grew weaker and died the same evening (May 2). There was no necropsy 











Fig. 13.—Case 3. A few minutes later than Figure 12. Ventricular tachy- 


cardia with retrograde P wave. 


Electrocardiographic Records.—An electrocardiographic record of 
this patient was made April 29, two days after her admission. It 
shows a long P-R interval which progressively increases until a beat is 
dropped and negative T waves (Fig. 11). In view of the patient’s 
history and of the small amount of digitalis administered and of the 
failure of atropin to relieve the block which later occurred, it is 
thought that these abnormalities indicate definite myocardial disease 
and that they were not the result of digitalis therapy. .\ second record 
was made May 3, about three hours before the patient died. This 
shows complete heart block interrupted by paroxysms of ventricular 
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tachycardia (Fig. 12). The three leads of this tachycardia are shown 
in Figure 13. The form of the ventricular complexes in the paroxysms 
is entirely different from that which occurred during the complete 
dissociation. In Lead | the ventricular complexes are followed by 
positive P waves (note that the P waves-during the idio-ventricular 
rhythm are negative). Records were not obtained later. 


DISCUSSION 

The electrocardiographic findings in these cases are to a certain 
extent fundamentally similar, in spite of the fact that it seems at first 
as if we were dealing with a heterogeneous group of records. This 
is perhaps to be expected since in any terminal record there are not 
only the direct effects of the special cardiac lesions which may be 
present but also the results of the general pathological conditions 
which accompany extreme cardiac failure. Marked impairment of 
the respiratory function with rapidly increasing insufficiency of oxygen 
and accumulation of carbon dioxide is the outstanding pathological 
condition from the functional point of view. 

The following features are common to the three cases described: 
gradual slowing of rate, accompanied by lengthening of the P-R, Q RS 
and ©-T intervals and diminution in the amplitude of the R and T 
waves. The normal pacemaker lost control of the rhythm in the first 
and second cases, probably due to failure both of stimulus production 
and of impulse conduction. In these instances auriculoventricular 
nodal rhythm was established. The P waves show that the auricles 
were contracting irregularly but independently, so that the block must 
have been retrograde as well as forward. The independent auricular 
rate was slower than the ventricular and the auricular activity ceased 
before the nodal rhythm failed. In the second case brief periods of 
auricular fibrillation occurred. The sino-auricular node early ceased to 
be the pacemaker in the third case through the failure of the conduction 
system which was undoubtedly diseased in this instance. This patient’s 
clinical condition showed extreme anoxemia, the myocardium at no 
time being equal to the task of maintaining a proper circulation. 

The more individual abnormalities are, in the first case, interrup- 
tion of the nodal rhythm by two periods of ventricular fibrillation. 
In the second case a similar interruption by series of varying lengths 
of ventricular extrasystoles arising in at least three different foci. 
Definite paroxysms of ventricular tachycardia occurred in the third 
case. The underlying pathological physiology of these arrhythmias is 
probably fundamentally the same. 

The later records of the first case show to some extent a tendency 
for the R and T waves to coalesce, a change which as was stated above 
the records of Robins« m's * cases show consistently. This phenomenon 
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is said by Samojloff '* to be associated with a lesion of the apical 
portion of the myocardium. 

In a recent contribution dealing with circulatory responses to 
oxygen want under experimental conditions Greene and Gilbert * 
present data which are strikingly similar to the early general changes 
in the cases under discussion. There seems to be no doubt that the 
sino-auricular node is peculiarly susceptible to oxygen want and loses 
the function of impulse production early. The function of conduction 
is also greatly depressed. Whether this is due to vagospasm or direct 
myocardial asphyxiation is discussed by Greene and Gilbert without 
reaching any conclusion. No further light can be added on this 
question at present. Experimental work has not yet been carried to 
the point of ventricular arrhythmias such as occurred later in the cases 
presented. It would seem that it might be predicted that these arrhy- 
thmias will be found to develop when experimental data are gathered 
on the further effect of oxygen want after interference with impulse 
production in the auriculoventricular node. It should be pointed out 
that the present cases are complicated in comparison with those of 
Greene and Gilbert by the accumulation of carbon dioxid. 


SUMMARY 

Terminal electrocardiographic records of three cases are presented 
and briefly discussed. The general changes which occurred were a 
gradual slowing of the cardiac rate with coincident lengthening of the 
P-R, Q RS and Q-T intervals and diminution in the amplitude of 
the R and T waves; and loss of control of the rhythm by the normal 
pacemaker, apparently with the inception of auriculoventricular nodal 
rhythm. Further, as a result of the functioning of various abnormally 
irritable foci, the following arrhythmias were observed in addition to 
heart block and nodal rhythm; auricular and ventricular extrasystoles ; 
ventricular tachycardia and auricular and ventricular extrasystoles ; 
ventricular tachycardia and auricular and ventricular fibrillation. It is 
probable that oxygen want, and perhaps carbon dioxid accumulation, 
following cardiac failure, underlie these abnormalities in such cases 


as those presented. 





14. Samojloff, A.: Weitere Beitrage zur Elektrophysiologie des Herzens, 
Arch. f. d. ges. Physiol. 135:417, 1910. 

15. Greene, C. W., and Gilbert, A. C.: Responses of Circulation to Low 
Oxygen Tension, Arch. Int. Med. 27:517 (April) 1921 
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EXPERIMENTAL INQUIRY INTO THE CEREBRAL 
AND NEUROMUSCULAR MANIFESTATIONS 
OF DIGITALIS * 


). IL. MACHT, M.D. ann WM. BLOOM 
BALTIMORE 


INTRODUCTION 


Cerebral symptoms in the course of heart disease are not at all 
uncommon. Everyone is familiar with the classical work of Head,’ 
and several other interesting publications on the subject such as by 
Rieseman* and others. There is, however, one group of psychoses 
occurring in cardiac patients which has perhaps received insufficient 
attention on the part of clinicians. These are the patients exhibiting 
hallucinations, delirium and other mental affections occurring at the 
height of digitalis therapy. The father of rational digitalis therapeutics, 
Withering,* did not fail to note certain cerebral manifestations of 
digitalis and mentions them causally in his famous study of the 
foxglove: 

“The foxglove when given in very large and quickly repeated doses 
occasions sickness, vomiting, purging, dizziness, distorted vision-objects 
appearing green or yellow; increased secretions of urine with frequent 
motions to part with it; slow pulse even as slow as 35 to a minute; 
cold sweats, convulsions, syncope and death.” (p. 184) 

The most important contribution on this subject, however, came 
from an eminent French physician, Duroziez, in 1874.4 He gives a 
list of twenty cases in which delirium or hallucinations, with or 
without death accompanied the administration of digitalis, and which 
he believed were caused thereby. H. O. Hall, in 1901, revived the 
interest in the subject. He reviewed the cases of Duroziez and others 
and described one from his own experience. 

We have become interested in the question whether the digitalis 
group of drugs produce any cerebral effects in connection with the 
study of the action or influence of various drugs * on the behavior of 


*From the Pharmacological Laboratory, Johns Hopkins University. 

1. Head: Brain 24:345, 1901. 

2."Rieseman: Tr. Ass. Am. Phys. 35:77, 1920. 

3. Withering: An Account of the Foxglove, Birmingham, 1785. 

4. Duroziez: Gaz. hebdom, 11:780, 1874. 

5. Hall: Am. Med, 1:598, 1901 ibid. 9:489, 1905. 

6. Macht and Mora: J. Pharmacol. & Exper. Therap. 16:219, 1920. Macht 
and Bloom: Ibid. 27:21, 1921. 
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white rats in the circular maze and we have performed a series of 
experiments with various bodies in order to clear up at least partially, 
this subject. 
DESCRIPTION OF THE MAZE 

The circular maze shéwn in Figure 1 is made with wooden base and 
aluminum walls. The base is 15 cm. in diameter and 4 cm. in thick- 
ness. Its upper surface is marked off by grooves into a series of 
concentric circles. The diameter of each of the circles is as follows, 
beginning with outermost one: 140 cm., 120 cm., 100 cm., 60 em., 40 





~ . a j 





Fig. 1.—The circular maze used to study drug action. 


cm. and 20 cm. Into the circular grooves are inserted sheets of 
aluminum 18.5 cm. high and 0.8 mm. thick. Each strip of aluminum is 
cut 10 cm. shorter than the length of the circular groove into which 
it is to be fitted, thus giving an opening into the alley. By means of 
this arrangement it is possible to slide the aluminum around in its 
groove and thus to place the entrance in any desirable position. In 
the present investigation the openings or entrances to the alleys were 
placed in the position indicated in Figure 1, there being seven openings 
so arranged that the rat had to make alternate turns to right and left, 
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in the order indicated by Nos. 1 to 7. In addition to the doors or 
openings, the alleys were also provided with obstructing partitions, 
which formed a number of blind cul-de-sacs. 

The camera lucida attachment, invented by Watson,’ is illustrated in 


Figure 2. A large plate-glass mirror M, 91 em. wide and 121 cm. in 











Fig. 2—Camera lucida attachment used in connection with the circular maze. 


length, was placed at an angle of 45 degrees, directly over the maze, 
at such a distance from the first mirror that the light reflected down- 
ward from it falls outside the maze. Below M, and in the light 


7. Watson: J. Animal Behavior 4:56, 1914. 
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reflected from it, is placed a single acromat, 6 cm. in diameter and 
50 cm. focus. The lens is placed in a barrel ar” the barrel is attached 


to a wooden disc 30 cm. in diameter. This ird is attached to an 
iron collar which slides freely up and dow ! gives a very easy 
means of adjusting the size of the image. /. »ad of circular paper 


is laid on a wooden shelf, below the lens, and the distance is so 
adjusted that the reduced image of the maze is focused on the paper. 
Extraneous light is excluded by means of a soft, dark flannel curtain, 
not shown in the figure. As may readily be seen, the maze must 
be illuminated quite highly in order to produce a clear image. This 
illumination is obtained by means of four electric lamps, with opaque 
shades, placed symetrically arcund the maze. By means of the camera 
lucida attachment, the movemenis of an animal in the maze can be 
traced on white paper with a soft pencil. Such tracings are especially 
useful in the study of the learning of the maze problem, such as has 
been done by Miss Hubbert and others. In the present investigation, 
where the effect of drugs on the behavior of the animals was studied 
after the rats had been trained, the use of this attachment was not 
essential and it was, therefore, dispensed with in many of the 
experiments. 

The study of the behavior of the rats in the circular maze is 
begun by placing an animal in the center of the maze and feeding it 
from the bowl F for three successive days. During these three pre- 
liminary feedings, which last from ten to fifteen minutes, entrance 7 
is blocked off, so that the animal may not roam around. On the 
fourth day, the rat is placed in the cage FE, then the trap-door T is 
raised and the animal allowed to enter the first alley. The animal then 
gradually learns to find its way to the center of the maze, when it is 
taken out and the experiment is repeated. Generally, three trials are 
made on each day. For work with the maze, albino rats, which are 
very tame, must be employed. The animals must be handled gently 
with the hands, and under no circumstances must they be picked up 
with forceps or similar instruments. The most suitable animals are 
found to be rats approximately from 60 to 90 days old. Older animals 
are apt to be sluggish, while very young rats do not learn the maze 
problem so readily. Ordinarily, the albino rats learn the maze problem 
in about two weeks, and sometimes within a shorter period of time. 
An animal is considered to have the maze problem when it has learned 
to find its way into the center of the maze by the shortest route, that 
is, without any errors, on three successive trials. The techme of the 
training is described more in detail by Hubbert.* 


8. Hubbert: J. Animal Behavior 4:60, 1914. 
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ANALYSIS OF THE DATA FURNISHED BY THE MAZE 

The maze problem enables the psychologist to study the mode of 
learning of a rat. In studying the effect of drugs, the maze problem 
can be utilized in two ways. Animals may be subjected to the influence 
of drug action first and then trained in the maze with the purpose of 
ascertaining the effect on the rate of learning. Again, animals may 
be first taught to solve the maze problem and then the effect of drugs 
is studied in reference to its influence on their behavior, memory-habit, 
etc. Furthermore, other data can be obtained from the maze, after 
administering drugs to rats, which may show the effect on neuro- 
muscular coordination, and various somatic changes. As to exactly 
what the mechanism of learning the maze problem may be, the explana- 
tions given by various psychologists differ widely. Among the hypo- 
theses which have been advanced to account for the reintegratioh of 
conduction paths in learning, there are at least three which stand out 
as rather opposed to one another in respect to the neural processes 
“which they imply.” The hypothesis suggested by Ladd and Wood- 
worth *° assumes the inhibition of successive activities as the funda- 
mental process which results in the selection and fixation of random 
activities. The second hypothesis, such as given by Angell,'' assumes 
nervous reinforcement as the fundamental process by which successive 
acts become linked together in habit formation. The third hypothesis 
(Watson) depends chiefly on the chance spreading of nervous excita- 
tion, or the simultaneous activation of two afferent pathways, in such 
a way that the final common part of one is able to divert the discharge 
of the other, and so bring about a permanent connection between 
itself and this afferent path.'* These hypotheses by no means exhaust 
the theoretical considerations of the maze problem (Dashiell '*). For 
the study of drug action, however, the various theoretical considerations 
are of secondary importance and the data obtained are of a much more 
definite nature, as will be seen from the following exposition. 


EXPERIMENTS WITH DIGITALIS BODIES 
In the present investigation about forty rats were used. The 
animals weighed on an average 150 gm. each and were for the most 
part males; a few females, however, were also trained and studied. 
The animals were taught to solve the maze problem and after having 
learned to run to the center as quickly as possible and without making 


9. Lashley: Psychobiology 1:141, 1917. 

10. Ladd and Woodworth: Elements of Physiological Psychology, 1911, 
Scribner's Sons, New York, p. 551. 

11. Angell: Psychology, Ed. 4, Holt, New York, 1909, p. 70. 

12. Watson: Behavior: An Introduction to Comparative Psychology, Holt, 
New York, 1914. 

13. Dashiell: Psychobiology 2:4, 1920. 
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any mistakes they were ready for experimentation. In every experiment 
three normal trials were first made, then the animals were injected 
intraperitoneally and sometimes intramuscularly with the drugs selected 
and at the expiration of one half hour the behavior in the maze was 
again studied. In many experiments a second observation of three 
trials each was made several hours after the injection in order to 
note the later manifestations of the drugs; and, furthermore, the 
behavior of the rats was observed on the subsequent days until the 
animals either died or as was usually the case after small doses, com- 
pletely recovered. 

The following drugs were studied: oubain (or crystalline strophan- 
thin), Merck’s amorphous strophanthin ( Kombé), digitoxin, digitonin, 
various samples of digitalin, digalen, and several injectable preparations 
of digitalis leaf, such as digitotal, digipuratum and digifolin. Lastly, 
a few experiments were also made with the interesting heart drug 
related to the digitaloids which was isolated by Abel from the skin 
secretion of the toad and was named bufagin."* 

The results of most of the experiments are shown in Table 1 
As will be noted, all of the drugs studied, when given in sufficient 
quantity, produced depression in the rats. This was indicated by the 
failure in discrimination and memory-habit as expressed by the num- 
ber of errors made in the maze. Furthermore, the drugs distinctly 
slowed the running speed of the animals and produced disturbances in 
neuromuscular coordination and general behavior. Large doses of the 
digitalis drugs produced a marked paresis or weakening of the hind 
limbs as well as a general narcotic condition. But even small doses 
as will be noted from the table produced a distinctly depressant effect. 
Thus it will be seen that as little as 0.2 mg. of oubain and 0.15 mg. of 
amorphous strophanthin markedly depressed the animals. Such doses 
cannot be regarded as near the fatal limit of the poisons, inasmuch as 
it is well known that rats are very resistant to strophanthin. In this 
connection, it may be well to state that We have confirmed a remarkable 
observation made by Hatcher some years ago ** and found that in case 
of the rats amorphous strophanthin is more toxic than oubain, which is 
contrary to the findings in regard to the relative toxicity of these two 
poisons for other animals. We have found the lethal dose of amorphous 
strophanthin for rats to be about 1 mg. per 40 gm. weight of the 
animal, which dose generally produced death within an hour. On the 
other hand, the lethal dose of oubain is 1 mg. per 30 grams of 


weight. 


14. Abel and Macht: J. Pharmacol. & Exper. Therap. 3:319, 1911. 
15. Hatcher: Am. J. Physiol. 23:303, 1909. 
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DISCUSSION 

The results of the above described experiments indicate that the 
various members of the. digitalis group of drugs produce a depressant 
effect on the behavior of rats in a maze, as shown by their loss of 
memory, by their slower gait, and by neuromuscular incoordination. 
Whatever theory one may hold in regard to the psychologic data fur- 
nished by the maze problem, it will be generally conceded that the 
effects produced by the drugs must be referred for the most part to 
the central nervous system and at least to some extent, to the higher 
centers of the same. The data obtained from the rats, therefore, 


TABLE 2.—SummMary or Dwroziez’ Cases 











No. of Form of Drug Dose No. of Result 
Cases Doses 
1 Alcoholic extract of digitalis.......... 30 to 40 eg. 6 doses Delirium 
| 40 cg. 2 doses Delirium and death 
2 soahale extract of digitalis in soup..| 20 to 30 cg. 18 doses Delirium 
3 A tkeueepneonesss chseeseews wal 4to 5 mg. 1 month Delirium 
Powder of dig. .... i 30 cg. 1 month Delirium 
Powder of dig. .......... an denen 3 to 40 cg. 1 month Delirium and death 
- eer 2 cg. 42 days Delirium and death 
5 Dig. in —— 1 gm. 1 days Delirium 
6 Dig. in maceration... 1 gm. l day Delirium 
Dig. in maceration... 1 gm. 4 days Delirium and death 
7 Bie BR BRB oce 5 occ ccccccccccccce 1 gm. 2 doses Hallucination 
s PO IEEE De 1,2,3and4gm. 20 doses Delirium and death 
9 BE ens o<veveccescccspscon #0 gm. 4 days Delirium 
10 I, aciccestcctesvences 27 gm. 9 days Delirium and death 
ll By Me SEND 5 cc cencasceccdecces 15, 3 and 60 cg. 17 days Delirium and death 
12 Dig. in soup........... Seccccccceccce, BGM GRE LM., 4 days Delirium and death 
DO cg. 
13 I. nike ee hines isedtekadsanaks 20, 40 and 60 cg. 3 days Delirium and death 
4 Be ised nesccveccecschesseseeté 40, 4 - = cg. 3 days Delirium and death 
anc 
Bh, Bcc cece cccccccescccevscccces 1 gm.; 1 gm. 4 days Delirium and death 
16 BE iccedetnceve<sesaseunsiessey {i ae Sudden death 
Be Fe I scddensesccncdersvesssvesves 30, 40 and 5O cg. 10 days Delirium and death 
18 ie Ol Mewes scccovsvcesscicccsesces 1 gm. 3 days Delirium and death 
19 BE, RPMs sc ncccetescssucvesessscss 15 and 20 eg. 13 days Delirium and death 
20 Digitalin and wine of Trousseau......) lgm. and Weg. ........ Delirium and death 





would seem to confirm the clinical observations of Duroziez and other 
authors. Table 2 shows a summary of Duroziez’ cases. We are 
inclined to think that such cases are more common than is generally sup- 
posed, for at least three prominent physicians who were questioned on 
the subject replied that they have personally observed such cases, and 
Dr, A. D. Hirschfelder, in a personal communication to one of us, 
described a case in which the patient, a man suffering with heart trouble, 
was made suddenly delirious and demented by full doses of digitalis, and 
while in that state of mental aberration, committed homicide. That 
patient subsequently recovered his mentality and at the court trial 
was acquitted, the plea of the defense being that he committed the 
crime while in a state of dementia produced by digitalis. It is hoped 
that the present communication will arouse the interest of the clinician 
in the subject. 
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SUMMARY 


1. The effects of various digitalis bodies were studied on the 
behavior of rats in the circular maze. 

2. It was found that the various digitaloids even when given in 
comparatively small doses produced a depression in the behavior of 
animals. 

3. These experimental observations agree with the clinical experi- 
ences of Duroziez and other clinicians. 











